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Executive Summary
This project developed the traditional prescriptive-based design analysis of the fire protection features
of an existing office high rise building in the city of Sao Paulo, in Brazil. The analysis was then
complemented by performance-based analysis of the building. The building is a high rise office located
in a metropolitan area, provided also with underground car parking garages and a small theater.
The fire protection analysis was conducted based on the local Sao Paulo state fire codes, mainly the
Sao Paulo State enactment (Decreto Nº56.819/2011) and Sao Paulo Fire Department Technical
Instructions; and, in addition to the local codes, the analysis was also conducted in accordance with
internationally recognized codes, primarily the International Building Code (IBC 2012) and NFPA
standards. The local codes requirements were compared with the international codes requirements in
each section, with the objective of providing an overview of the main differences and possible
opportunities for improvement or further studies. The main differences between the codes were
observed in the construction features to avoid vertical fire spread, egress design, standpipe design
and overall reliability and maintenance requirements for fire protection systems. A detailed discussion
is presented in Section 5 Conclusion.
The design of the building has been evaluated based on prescriptive requirements for construction fire
resistance and compartmentation, fire detection and alarms, automatic and manual fire suppression
systems, smoke management systems and egress arrangement and capacity.
A performance based design was developed for six selected fire scenarios, being three fire scenarios
for existing office floors of different arrangements, one for existing theater building and two proposed
improvement scenarios for a specific office floor with customized internal layout. Fire scenario
simulations were developed in Pyrosim to evaluate the ASET (Available Safe Egress Time)
calculations and Pathfinder was used to determine the RSET (Required Safe Egress Time). A
successful scenario was determined by the ASET being greater than RSET with an appropriate margin
of safety, so that all occupants will reach a safe area before the environment becomes untenable.
The main conclusions and recommendations are presented in Section 5 Conclusion. The building is
mostly compliant with the local regulations with a few recommendations being presented. In addition,
comments were made for it to be safer and, where possible for an existing building, compliant with the
reference international regulations. The most important recommendations refer to the egress features
(remoteness and common paths of travel), considering that there is the possibility that the two existing
exits in the office floors are blocked by one fire scenario in the exit hallway. In addition to that, it is
possible that the unique door leading to the hallway from either the west or east open office areas of
the building is blocked by one fire. Special attention should be given to office floor layouts that are
modified by tenants, where make-up air or smoke extraction flows, as well as egress paths may be
different from original design. The performance based design conclusions will show this same risk
when applied to the office floors, reinforcing the recommendations provided for the prescriptive based
design.
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1. Introduction
The fire protection engineering analysis contained in this report is a result of the evaluation of the fire
safety for a high rise office building located in the metropolitan city of Sao Paulo in Brazil, focused on
the structural fire design, fire detection and alarms, fire suppression and smoke management. This
project was based on the traditional prescriptive approach as well as by a performance based
analysis.
The objective of the project is to evaluate the requirements of internationally recognized regulations,
as well as the local regulations, and to determine compliance of the building with the reference
standards. Recommendations were presented as a result of this analysis and are included in the
specific section of this report.
The building analysis was subdivided in three different occupancies: the main offices areas that
occupy the high-rise tower, the car parking garages located underground below the tower, and an
adjacent theater building that is part of this construction.
In addition to the compliance analysis, a comparison between the international codes and local codes
was conducted in the context of this specific building (a high rise office building).
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2. Building description
2.1. General building description
The selected building for this project is an office high rise building located in the urban area of the São
Paulo city, in Brazil (Figure 1).
The building is composed by 15 office floors that are leased to diverse client companies, 5 basement
floors used as a car parking garage, a theater at ground level and a lobby. The roof top has an attic
space and utilities rooms. Each office floor layout is customized by the lessee.
NOTE: The common building floor nomenclatures in Brazil do not take into consideration the ground
floor (lobby), which is considered floor zero. This nomenclature will be used in this analysis to match
building design drawings.

Figure 1 - Overview of the building

2.2. Building location and access
The building is located at the São Paulo city in Brazil. This urban area is mostly occupied by high rise
office buildings (Figure 2 and Figure 3).
The building North perimeter faces a residential building lot, the West side perimeter faces a small
street (4.8 m wide), the East side perimeter faces another small street (5.5 m wide) and the South
perimeter faces an avenue (33.7 m wide).

20

The building setback distances from lot limits are: North – 10 m (3 m when counted from the theater
construction limits); West – 5 m; East – 5 m; South – 10 m.

Figure 2 - Google Earth building location view (the building does not show in the main map – not
updated)

Figure 3 - Satellite view - building location (historical picture – not mapped)
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2.3. Building occupancies and dimensions
The building is characterized as a mixed occupancy building (section view on Figure 4). The three
occupancies (offices, car parking garages and theater) are presented separately in the following
sections. The building occupancies were characterized based on local (IT-14/2011) and international
codes (IBC 2012).


Total building height above ground: 73.87 m (242 ft)



Number of stories aboveground: 17



Number of stories underground: 5



Total constructed building area: 26,377.20 m²



Total lot area: 2,879.74 m²

Figure 4 - General building information
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2.3.1. Offices
The office floors have the following characteristic dimensions, layout (Figure 5) and occupancy:


Occupancy classification:
o

Business Group B (IBC 2012)

o

D-1 (IT-14/2011)



Total floor area per story: 886 m² (9,536 ft²)



Number of office stories: 16



Office story elevation: 4.08 m
o

Elevater floor: 0.15 m

o

Floor-ceiling: 2.80 m

o

Ceiling space: 1.13 m

Figure 5 - Office floor general layout

2.3.2. Car Parking Garage
The car parking garage floors have the following characteristic dimensions, layout (Figure 6) and
occupancy:


Occupancy classification:
o

Low Hazard Storage Group S-2 (IBC 2012)
23

o

G-2 (IT-14/2011)



Total floor area per story: 1,802 m² (19,397 ft²)



Number of car parking garage stories: 5



Car parking garage elevation: 2.86 m (3.63 m 1 underground floor)



Car parking garage underground height: 15m

st

Figure 6 - Car parking garage typical floor layout

2.3.3. Theater
The theater has the following characteristic dimensions, layout (Figure 7) and occupancy:




Occupancy classification:
o

Assembly Group A-1 (IBC 2012)

o

F-5 (IT-14/2011)

Total floor area per story:
o

First floor: 510 m² (5,490 ft²)

o

Balcony: 176 m² (1,890 ft²)

o

Second floor: 204 m² (2,200 ft²)



Number of stories: 2 + balcony



Theater floor elevation: 3.40 m (6.02m – 1 floor to ceiling above balcony)



Theater height: 16.2 m (53 ft)

st
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Figure 7 - Theater layout (ground floor and balcony)
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3. Prescriptive-based design
This section will present the analysis based on prescriptive requirements of the applicable codes for:
structural fire protection, fire detection and alarms, fire suppression, smoke management and means
of egress.

3.1. Structural fire protection
The requirements for structural fire protection from a prescriptive based design were evaluated taking
into consideration both the local (IT-08/2011) and international (IBC 2012) codes and the requirements
are presented in the following sections for each one of the building occupancies. In addition to that, a
special requirements section has been included that refer to high rise buildings and evaluate for
possible specific additional requirements. Finally, a section has been created to evaluate internal fire
rated subdivisions.
The building construction was first classified in accordance with the building construction type. The
building primary structure has been constructed in accordance with local regulations (IT-08/2011) for
120 minutes TRRF (Required Fire Resistance Time). The main building is constructed of reinforced
concrete columns, reinforced concrete beams and reinforced concrete floors for the office and car
parking garage areas. The theater is constructed of reinforced concrete load bearing walls and waffle
concrete roof slabs.
The building can be classified in the Type I-B building category (IBC 2012) - Table 1:
Table 1 - Building structure classification (Table 601 - IBC 2012)

TYPE I

TYPE II

TYPE III

TYPE IV

TYPE V

BUILDING ELEMENT

A

B

A

B

A

B

HT

A

B

Primary structural frame
Bearing walls

3

2

1

0

1

0

HT

1

0

Exterior

3

2

1

0

2

2

2

1

0

Interior

3

2

1

0

1

0

1/HT

1

0

Nonbearing walls and
partitions
Interior

0

0

0

0

0

0

-

0

0

Floor construction and
associated secondary
member

2

2

1

0

1

0

HT

1

0

Roof construction and
associated secondary
members

11/2

1

1

0

1

0

HT

1

0

NOTE: Refer to specific notes and comments in Table 601 of the IBC 2012.
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3.1.1. Offices
The following requirements (Table 2) apply to the office occupancy Business Group B (IBC 2012):
Table 2 - Height, area and number of stories - offices (Table 503 - IBC 2012)
TYPE OF CONSTRUCTION
TYPE I
GROUP

A
HEIGHT
(feet)

TYPE II

B

UL 160

TYPE III

TYPE IV

TYPE V

A

B

A

B

HT

A

B

65

55

65

55

65

50

40

3
19,000

5
36,000

3
18,000

2
9,000

STORIES(S)
AREA (A)
S
A

B

UL
UL

11
UL

5
37,500

3
23,000

5
28,500

However, in accordance with Section 403 – High Rise Buildings (IBC 2012), the following fire
resistance ratings reductions can be applied in buildings that have sprinkler control valves equipped
with supervisory initiating devices and water-flow initiating devices for each floor:


Paragraph 403.2.1.1, item 1 - For buildings not greater than 420 feet (128 000 mm) in building
height, the fire-resistance rating of the building elements in Type IA construction shall be
permitted to be reduced to the minimum fire-resistance ratings for the building elements in
Type IB. Exception: The required fire-resistance rating of columns supporting floors shall not
be permitted to be reduced.

Therefore, the requirements for Type I-A construction can be applied instead of the actual construction
type of the building (which is Type I-B), as long as the columns supporting floors are in accordance
with fire resistance requirements of Type I-A construction, that is, 3 hours.
In addition to that, the building requirements can be increased by the following factors:




Automatic sprinkler installation:
o

Building height: increase in 20 ft (6,1m)

o

Number of stories: increase in 1 floor

o

Building floor area: not evaluated (unlimited)

Frontage increase:
o

Building floor area: not evaluated (unlimited)

The following summary requirements apply in accordance with the table above with allowed increases:


Maximum allowed number of stories: 12 (or unlimited if columns FR > 3h)



Maximum allowed building height: 55m (or 128 000 mm if columns FR > 3h)



Maximum allowed floor area: unlimited
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The building is compliant with the International Building Code (2012) by proving that its columns have
been designed for at least 3-hours fire resistance (see fire resistance analysis following in this
section), which is not required by local codes; the building construction can be considered compliant in
accordance with the requirements of the local codes (IT-08/2011) per the Table 3 below:
Table 3 - Required fire resistance time (min) offices (Table A - IT-08/2011)

Group

D

Division

D-1 to
D-3

Underground
Height (m)
S2
S1
H>10 H<10
90

60

Aboveground height (m)
P1
H<6

P2
H>6
<12

P3
H>12
<23

P4
H>23
<30

P5
H>30
<80

P6
H>80
<120

P7
H>120
<150

P8
H>150
<250

30

60

60

90

120

120

150

180

The following summary requirements apply in accordance with the table above:


Maximum allowed number of stories: unlimited



Maximum allowed building height: 120m



Maximum allowed floor area: unlimited

3.1.2. Car Parking Garage
The requirements in IBC 2012 do not apply to the underground car parking garage – Low Hazard
Storage Group S-2, since Table 503 requirements are applicable to the aboveground floors only. The
requirements on the Section 405 of the IBC 2012 – Underground Buildings were verified not to apply
to parking garages protected with automatic sprinkler systems. Floor, height and area limitations are
not defined. Other limitations to protection and ventilation will be evaluated in specific sections.
Per local regulations (IT-08/2011), the following requirements (Table 4) apply:
Table 4 - Required fire resistance time (min) car parking garage (Table A - IT-08/2011)

Group

G

Division

G-1 and
G-2,
enclosed

Underground
Height (m)
S2
S1
H>10
H<10
90

60

Aboveground height (m)
P1
H<6

P2
H>6
<12

P3
H>12
<23

P4
H>23
<30

P5
H>30
<80

P6
H>80
<120

P7
H>120
<150

P8
H>150
<250

30

60

60

90

120

120

150

180

However, the code requires that basement structures which are necessary for the overall stability of
the building structure should not have a TRRF less than that required for the building above. Therefore
the TRRF should not be less than 120 minutes.
The following summary requirements apply in accordance with the table above:


Maximum allowed number of stories: unlimited



Maximum allowed underground height: unlimited



Maximum allowed floor area: unlimited
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3.1.3. Theater
The following requirements (Table 5) apply to the theater occupancy Assembly Group A-1 (IBC 2012):
Table 5 - Height, area and number of stories – theater (Table 503 - IBC 2012)
TYPE OF CONSTRUCTION
TYPE I
GROUP

HEIGHT
(feet)

TYPE II

TYPE III

TYPE IV

TYPE V

A

B

A

B

A

B

HT

A

B

UL

160

65

55

65

55

65

50

40

2
8,500

3
15,000

2
11,500

1
5,500

STORIES(S)
AREA (A)
S
A

A-1

UL
UL

5
UL

3
15,500

2
8,500

3
14,000

The building requirements can be increased by the following factors:




Automatic sprinkler installation:
o

Building height: increase in 20 ft (6,1m)

o

Number of stories: increase in 1 floor

o

Building floor area: not evaluated (unlimited)

Frontage increase:
o

Building floor area: not evaluated (unlimited)

The following summary requirements apply in accordance with the table above with allowed increases:


Maximum allowed number of stories: 6



Maximum allowed building height: 55m



Maximum allowed floor area: unlimited

The building is compliant with IBC 2012 requirements.
Per local regulations (IT-08/2011), the following requirements (Table 6) apply:
Table 6 - Required fire resistance time (min) theater (Table A - IT-08/2011)

Group

F

Division

F-1, F-2, F5, F-6, F-8
e F-10

Underground
Height (m)
S2
S1
H>10
H<10
90

60

Aboveground height (m)
P1
H<6

P2
H>6
<12

P3
H>12
<23

P4
H>23
<30

P5
H>30
<80

P6
H>80
<120

P7
H>120
<150

P8
H>150
<250

60

60

60

90

120

150

180

-

The following summary requirements apply in accordance with the table above:


Maximum allowed number of stories: unlimited



Maximum allowed building height: 80m
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Maximum allowed floor area: unlimited

The building is compliant with local code (IT-08/2011).

3.1.4. Exterior walls
The underground car parking garage will not be evaluated for exterior walls since it is located
underground.
The Theater wall at the South side is common with the office tower North side, so it is evaluated
separately from the exterior walls. The communications between buildings is considered as separation
between occupancies in the same building.
The fire separation distance on the directions North, South, East, West are respectively:


North:
o

Measured from Theater: 3m (10 ft) to lot line

o

Measured from office tower: 10m (33 ft) to lot line



South: 30m (98 ft) to the centerline of the public way



East:



o

Measured from Theater: 9.0m (30 ft) to the centerline of the public way

o

Measured from Office Tower: 10.5m (34 ft) to the centerline of the public way

West:
o

Measured from Theater: 8.5m (28 ft) to the centerline of the public way

o

Measured from Office Tower: 10.5m (34 ft) to the centerline of the public way

NOTE: Fire separation distance as defined per Chapter 2 – Definitions (IBC 2012).
Table 7 – Fire resistance rating requirements for exterior walls based on fire separation distance (Table
602 – IBC 2012)
FIRE SEPARATION
DISTANCE =
X (feet)

TYPE OF
CONSTRUCTION

OCCUPANCY
GROUP H

OCCUPANCY
OCCUPANCY
GROUP F-1, M, GROUP A, B, E, FS-1
2, I, R, S-2, U

X<5

All

3

2

1

5 ≤ X < 10

IA
Others

3
2

2
1

1
1

10 ≤ X < 30

IA, IB
IIB, VB
Others

2
1
1

1
0
1

1
0
1

X ≥ 30

All

0

0

0

In accordance with Table 7, the following walls are required to have fire resistance rating:


Theater North wall: 1-hour



Theater West wall: 1-hour



Others: 0-hour
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The Theater building exterior walls comply with the requirements since they are constructed with
concrete with no openings designed for a TRRF of 120 minutes.
The following requirements (Table 8) apply to the openings on exterior walls required to have fire
rating (IBC 2012):
Table 8 – Maximum area of exterior wall openings based on fire separation distance and degree of
opening protection (Table 705.8 – IBC 2012)
FIRE SEPARATION DISTANCE (feet)

10 to less than 15

25 to less than 30

30 or greater

DEGREE OF OPENING PROTECTION

ALLOWABLE AREA

Unprotected, Nonsprinklered (UP, NS)

15%

Unprotected, Sprinklered (UP, S)

45%

Protected (P)

45%

Unprotected, Nonsprinklered (UP, NS)

70%

Unprotected, Sprinklered (UP, S)

No Limit

Protected (P)

No Limit

Unprotected, Nonsprinklered (UP, NS)

No Limit

Unprotected, Sprinklered (UP, S)

Not Required

Protected (P)

Not Required

Exterior walls which have fire resistance rating equal to zero do not have limitations regarding
openings.
The following requirements apply to the building exterior walls openings:


Theater North wall: 45%



Theater West wall: no limit



Others: no limit

The building complies with the IBC 2012 since Theater North and West walls have no openings.
The local regulation that defines the fire exposure safety for buildings (IT-07/2011) requires that the
building is classified as follows.
The area to be defined for the calculations is based on the total one floor facade area, considering that
the floors are separated by fire rated construction vertically.
The occupancy fire load is established to be Class II (700 MJ/m²) for the offices area and Class I (600
MJ/m²) for the Theater. However, an allowance is provided for the existence of automatic sprinklers, so
the Office is classified as Class I and the Theater is classified as Class I but with a reduction of 50% to
the coefficient α to be used in the separation distance calculations.
The equation to calculate the separation distance is provided below (IT-07/2011):
=

∙

+

, where
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D – Separation distance (m)
α – Coefficient obtained from Table A-1 based on length-height ratio, opening percentage and fire load
L – Fire area length
H – Fire area height
β – Safety coefficient (1.5m for cities with fire departments)
The L/H ratio of the building is calculated below:


Theater:
o

North: 2.3 – percent openings = 0%

o

East: 1.6 – percent openings = 100% glass facade

o

West: 1.2 – percent openings = 0%



Offices – North: 6.5 – percent openings = 0%



Offices – South: 6.5 – percent openings = 100% glass facade (approximate)



Offices – East/West: 8.2 – percent openings = 100% glass facade (approximate)

The α coefficient is as follows based on Table A-1 (IT-07/2011):


Theater:
o

North: 0.24

o

East: 0.87

o

West: 0.2



Offices – North: 0.51



Offices – South: 2.95



Offices – East/West: 3.12

The following required fire separation distances (no correction factors) were calculated based on the
equation presented above. The distances were divided by two to account for the fact that the
exposing/exposed buildings will be located in different lots:


Theater:
o

North: 2.3m

o

East: 3.0m

o

West: 2.0m



Offices – North: 1.8m



Offices – South: 6.8m



Offices – East/West: 7.1m

These requirements could be reduced based on fire resistance of exterior walls, but this analysis was
not considered necessary because the building already complies with the required distances without
applying reduction factors.
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3.1.5. Mixed use and occupancy
The different occupancies in the same building should comply with the requirements of Section 508 –
Mixed Use and Occupancy (IBC 2012) as follows.
The building is occupied by three different occupancies: car parking enclosed garages, offices and a
theater. To be defined as separated occupancies, the following separations are required (Table 9):
Table 9 – Required separation of occupancies (hours) – (Table 508.4 – IBC 2012)

OCCUPANCY

A, E

I-1,
I-3,
I-4

I-2

F-2,
S-2,
U

R

B,
F-1,
M,
S-1

H-1

H-2

H-3,
H-4

H-5

S NS S NS S NS S NS S NS S NS S NS S NS S NS S NS
A, E
I-1, I-3, I-4
I-2
R
F-2, S-2, U
B, F-1, M,
S-1

N

N

1

2

2 NP 1

N

1

1

2

NP NP 3

4

2

— — N

N

2 NP 1 NP 1

2

1

2

NP NP 3

NP

2

NP 2 NP

2 NP 2 NP 2 NP NP NP 3

NP

2

NP 2 NP
NP 2 NP

— — — — N

N

— — — — — — N

2

N

3

2 NP

1

2

1

2

NP NP 3

NP

2

— — — — — — — — N

N

1

2

NP NP 3

4

2

3

2 NP

N NP NP 2

3

1

2

1 NP

— — — — — — — — — — N

H-1

— — — — — — — — — — — —

N NP NP NP NP NP NP NP

H-2

— — — — — — — — — — — —

—

—

H-3, H-4

— — — — — — — — — — — —

—

— —

—

H-5

— — — — — — — — — — — —

—

— —

— —

N NP

1

NP 1 NP

1

NP 1 NP
—

N NP

The following separation requirements can be summarized from the referred table:


Theater – car parking garage: No separation requirement.



Theater – offices: 1-hour separation



Offices – car parking garage: 1-hour separation

The buildings comply with the required separations.
The Theater is separated from the office buildings by the reinforced concrete walls and roof designed
for 120 minutes TRRF and spring loaded 90 minutes fire doors are installed in all openings between
the two.
The car parking garage is separated from both the offices and the Theater. The underground area is
enclosed in reinforced concrete construction designed for 120 minutes TRRF. The passages between
floors, to the emergency stairs and to the office and theater are provided with spring loaded 90
minutes fire doors.
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The local codes do not present specific requirements for separation concerning mixed occupancies;
each one of the occupancies should follow construction requirements that apply to that particular
occupancy.
Accessory occupancies as defined in the referred section as less than 10% of floor area are present in
the building in utilities areas. The requirements in the IBC 2012 and local codes do not include that
accessory occupancies are separated from main occupancies, but specific requirements may apply
depending on the occupancy. Other specific requirements for construction are discussed in the
following sections.

3.1.6. Exterior curtain wall glass façade – high rise
The provisions for exterior curtain wall glass façades are provided in Sections 705 and 715 (IBC 2012)
and requirements are:
“705.8.5 Vertical separation of openings: Openings in exterior walls in adjacent stories shall be
separated vertically to protect against fire spread on the exterior of the buildings where the openings
are within 5 feet (1524 mm) of each other horizontally and the opening in the lower story is not a
protected opening with a fire protection rating of not less than 3/4 hour. Such openings shall be
separated vertically at least 3 feet (914 mm) by spandrel girders, exterior walls or other similar
assemblies that have a fire-resistance rating of at least 1 hour or by flame barriers that extend
horizontally at least 30 inches (762 mm) beyond the exterior wall. Flame barriers shall also have a fireresistance rating of at least 1 hour. The unexposed surface temperature limitations specified in ASTM
E 119 or UL 263 shall not apply to the flame barriers or vertical separation unless otherwise required
by the provisions of this code.”
However, an important exception is made to this requirement when the building is provided throughout
with an automatic sprinkler system (as it is the case for this building) the section above does not
apply.
Another requirement is still applicable:
“Where fire resistance-rated floor or floor/ceiling assemblies are required, voids created at the
intersection of the exterior curtain wall assemblies and such floor assemblies shall be sealed with
an approved system to prevent the interior spread of fire.”
The requirements for this same type of construction in local codes are described below (IT-09/2011).
In addition to the same requirement for fire protection of interior fire spread in the void between the
glazing façade and the floor, the local codes also requires a minimum vertical fire spread separation
regardless of provision of automatic sprinklers. The following Figure 8 applies to glazing façades.
The minimum dimension for the spandrel girder is 1,2m height or the glass for the façade should be
fire rated (no particular time for fire resistance is established in this code to consider the window as fire
rated):
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Figure 8 - Vertical compartmentation model for glazing façade (Figure A4 - IT-09/2011)

The building is provided with a spandrel girder having 1.40 m (1.13m + 0.12m + 0.15m - Figure 9).

Figure 9 - Spandrel girder dimensions
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The spandrel girder dimensions comply with the local codes to provide protection against fire spread
across floors through the glazing façade.
Details on the insulation of the gap were provided and designed in rockwool and refractory cement to
provide a minimum 120 minutes of fire resistance. The building is in accordance with the reference
standards. Refer to the detail in the Figure 10 below:

Figure 10 – Gap insulation to avoid vertical fire spread

3.1.7. Other fire barriers and subdivisions
The building is also provided with the additional fire subdivisions discussed in this section.
The emergency stairs are constructed of masonry walls and provided with double P90 (90 minutes
TRRF) spring loaded fire doors and an intermediate chamber. The requirements in Section 1022.2
(IBC 2012) are for a minimum of 2-hour fire rating when the stairs connect more than 4 floors, which is
the case for this construction. The requirements in the local code are also for 120 minutes (IT08/2011).
The utilities (including sprinkler control valves) and elevator shafts, as well as smoke exhaust and
stairs pressurization air conditioning ducts shafts should have a minimum fire rating of 2-hours
according to Section 713.4 (IBC 2012) or, per local regulations the same TRRF as the remaining
primary structure, which results in the same 120 minutes (IT-08/2011). The shafts are constructed with
masonry walls and the passages at each floor are enclosed with masonry.
The design for the subdivisions in this building is for TRRF 120 minutes that comply with the
requirements. The Section 716.5 of the fire code allows that 2-hour fire rated constructions are
provided with 1 ½ hour (90 minutes) doors. The emergency exit doors are compliant with this
requirement.
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3.1.8. Prescriptive analysis of building structures
Columns, beams and girders
The main columns of the office building are four round reinforced concrete columns of 1600mm
diameter and covering with aluminum for aesthetic purposes that will be disregarded. The girders and
beams are 250mm and 1100mm reinforced concrete monolithic with the floor.
The columns at the car parking garage are 220mm to 300mm breadth by 600 mm to 1000mm width
constructed of reinforced concrete. The beams and girders are also constructed from reinforced
concrete 220mm breadth by 380mm or bigger width monolithic with the floor reinforced concrete
structure.
The requirements for the columns, beams and girders in a prescriptive approach can be based on the
following Table 10 from Section 721 (IBC 2012):
Table 10 - Prescriptive fire resistance of reinforced concrete columns, beams, girders and trusses
(section of Table 721.1(1) IBC 2012)

STRUCTURAL
PARTS TO BE
PROTECTED

ITEM
NUMBER

INSULATING MATERIAL
USED

MINIMUM THICKNESS OF
INSULATING MATERIAL
FOR THE FOLLOWING
FIRE-RESISTANCE
PERIODS (inches)
4
hours

5. Reinforcing steel
in reinforced
concrete columns, 5-1.1
beams girders and
trusses

Carbonate, lightweight and
sand-lightweight aggregate
1
concrete, members 12" or 1 /2
larger, square or round.
(Size limit does not apply to
beams and girders
monolithic with floors.)
Siliceous aggregate
concrete, members 12" or
larger, square or round.
(Size limit does not apply to 2
beams and girders
monolithic with floors.)

3
hours

2
hours

1
hour

1 /2

1

1 /2

1

1 /2

1

1 /2

1

1 /2

1 /2

1

1

The minimum thickness of insulating material (covering of steel reinforcements) should be 1 ½” for
columns, beams and girders for a fire resistance up to 3-hours that would meet the IBC 2012 and local
codes for this building.
The local fire protection codes require that the structures are designed in accordance with the specific
guidelines for fire contained in the concrete design standard (NBR 15200).
For reinforced concrete beams to achieve 120 minutes TRRF in accordance with the referred
standard, the following Table 11 should be observed:
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Table 11 – Minimum dimensions for continuous beams and girders (from NBR 15200 table 9)

Combinations of bmin/c1
mm/mm
2
160/12
190/12
250/25
300/35

TRRF (min)

1
3
30
80/15
190/12
60
120/25
300/12
90
140/35
400/25
120
200/45
450/35
bwmin – minimum breadth
bmin – minimum breadth
c1 – distance between the axis of the reinforcement and the face of the concrete

bwmin
mm
80
100
100
120

The minimum covering thickness varies from 35mm to 45mm according to beam size. For the larger
beams and girders of this building, the covering should be around 1 ½” similar to the required from the
international codes. For the smaller beams and girders, the covering should be around 1 ¾”.
The columns requirements are provided in a different table (Table 12), as shown below:
Table 12 – Minimum dimensions for columns (from NBR 15200 table 10)

TRRF
min
30
60
90
120

µfi=0.2
1
190/25
190/25
190/30
250/40

Combinations of bmin/c1
mm/mm
More than one face exposed
µfi=0.5
2
190/25
190/35
300/45
350/45

One face
exposed
µfi=0.7
3
190/30
250/45
450/40
450/50

µfi=0.7
140/25
140/25
155/25
175/35

µfi – ratio of the design load under fire conditions by design load under ambient conditions (used 0.5)
The minimum covering thickness should be 45mm (1 ¾”) and the minimum column breadth 350mm.
The fire protection design of this building that was submitted for this analysis does not present detailed
information on covering thicknesses and reinforcements, only the design TRRF=120min of the
structure. The detailed as-built structural design for the concrete structures was not available to the
administration of the building. For a detailed analysis, this information should be provided for
comparison with the required values. In addition, the minimum column dimensions required by the IBC
and local standards requirements for 120 minutes fire resistance are not achieved by the building car
parking garage columns. A more detailed analysis can be conducted to verify the actual fire rating of
the existing columns to comply with the requirements, but detailed information would be necessary.
Floor/Roof
The offices and car parking garages are provided with reinforced concrete floors having a minimum
thickness of 120mm (4.8 in).
The requirements for TRRF 120 minutes for the floors are presented in Table 13 below:
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Table 13 – Minimum protection for floor and roof systems (from IBC 2012 Table 721.1(3))

FLOOR OR ROOF
CONSTRUCTION

ITEM
NUMBER

1. Siliceous
1-1.1
aggregate concrete
2. Carbonate
2-1.1
aggregate concrete
3. Sand-lightweight 3-1.1
concrete
4. Lightweight
concrete

CEILING
CONSTRUCTION

THICKNESS OF FLOOR OR MINIMUM THICKNESS OF
ROOF SLAB
CEILING
(inches)
(inches)
4
3
2
1
4
3
2
1
hours hours hours hour hours hours hours hour

Slab (no ceiling
7.0
required). Minimum
cover over
nonprestressed
6.6
reinforcement shall
not be less than
3
/4".
5.4

6.2

5.0

3.5

—

—

—

—

5.7

4.6

3.2

—

—

—

—

4.6

3.8

2.7

—

—

—

—

5.1

4.4

3.6

2.5

—

—

—

—

4-1.1

The required 2-hour fire resistance is achieved with a 5.0 in (125mm) thickness. The minimum cover
over reinforcement should be not less than ¾”.
The following requirements (Table 14) apply to the reinforced concrete floors in accordance with local
standards (NBR 15200):
Table 14 – Minimum dimensions for concrete floors/roofs supported on beams (from NBR 15200 table 4)

TRRF
Min

30
60
90
120

H
mm

60
80
100
120

C1
mm
Reinforced in two directions
ly/lx<=1.5
1.5 < ly/lx <=2
10
10
10
15
15
20
20
25

Reinforced in
one direction
10
20
30
40

The required 120 minutes TRRF is achieved with a minimum 120mm (4.8 in) floor thickness and a
minimum of 25mm (1”) cover over reinforcement. The requirements are similar to those from the
International Building Code.
The floors comply with the requirements for the local standards and have a minimum difference in
dimension (0.2in – 5mm) that would not comply with the requirements of the International Building
Code (2012). Again, due to lack of structural design details, the minimum cover of reinforcements
could not be evaluated.
The theater has a particular floor/roof construction that consists of waffle reinforced concrete slabs
500mm deep with a thickness of 100mm (4.0 in). According to the Table 13 and Table 14 above, the
thickness is sufficient for a 1-hour required fire resistance. The minimum cover thickness should be
¾”; however this information could not be confirmed due to lack of project information.
Exterior walls and interior subdivisions
The exterior walls required to be fire rated are exclusively at the Theater area. The Theater exterior
walls are constructed of cast-in-place concrete having a thickness of 250mm (10 in).
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The interior subdivisions are constructed of concrete masonry hollow units with siliceous gravel having
a thickness face to face of 190mm (7.6 in) and equivalent thickness of 4.2in, which will provide 2-hour
fire resistance.
The following prescriptive requirements (Table 15) apply for these structures (IBC 2012):
Table 15 – Rated fire resistance periods for various walls and partitions (from Table 721.1(2) IBC 2012)

MATERIAL

3. Concrete
masonry units

4. Solid concrete

ITEM
NUMBER

CONSTRUCTION

3-1.1

MINIMUM FINISHED THICKNESS
FACE-TO-FACE (inches)
4
hours

3
hours

2
hours

1 hour

Expanded slag or pumice.

4.7

4.0

3.2

2.1

3-1.2

Expanded clay, shale or
slate.

5.1

4.4

3.6

2.6

3-1.3

Limestone, cinders or aircooled slag.

5.9

5.0

4.0

2.7

3-1.4

Calcareous
gravel.

6.2

5.3

4.2

2.8

7.0

6.2

5.0

3.5

6.6

5.7

4.6

3.2

5.4

4.6

3.8

2.7

4-1.1

or

siliceous

Siliceous
concrete.

aggregate

Carbonate
concrete.

aggregate

Sand-lightweight
concrete.
Lightweight concrete.

The minimum thickness for the Theater exterior walls is 5.0 in (125mm) to achieve a 2-hour fire rating.
The minimum thickness for the interior subdivisions is 4.2 in (105mm) to achieve a 2-hour fire rating.
The local regulations prescriptive design requirements (IT-08/2011) were also evaluated. The 250mm
cast-in-place concrete wall is considered to exceed 3-hours and the 190mm concrete masonry wall
(106mm equivalent thickness) is considered to be adequate for the 120min TRRF.

3.1.9. Summary – Structural fire protection
The evaluation of this project based on prescriptive structural fire protection features has found the
building to be compliant with national and international regulations to the limits of the aspects that
could be evaluated based on the design information that has been made available. Further analysis
would be necessary to determine the cover thickness over steel reinforcement on structural concrete
and regarding the columns at the underground levels.
The local regulations were found to be more conservative in an important aspect related to the vertical
fire spread (spandrel girders) as will be discussed in Section 5, Conclusion.
Following the structural fire protection, a prescriptive analysis of fire detection and alarms has been
conducted as described in the next Section.
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3.2. Fire Detection and Alarms
The fire detection and alarms systems provided in this building are described and evaluated in this
section. Equipment data-sheets are provided on Section 7.3 Appendix 3 - Equipment data-sheets.

3.2.1. Automatic initiating devices
The three occupancy areas of the building (offices, car parking garages and theater) are provided with
automatic fire detection systems. The fire detectors not only activate fire alarms, but they also initiate
the automatic smoke control systems and stairways pressurization systems.
Smoke detection
Smoke detectors are provided in the following areas:


Office floors



Theater



Electrical rooms



Smoke control / Stairways pressurization mechanical rooms

Smoke detectors have the following main characteristics:


Manufacturer: Johnson Controls



Model: 2951J



Photoelectric + thermal



Sensitivity: 0.5%/ft to 5%/ft obscuration



Temperature of activation: 57ºC

Heat detection
Heat detectors are provided in the following areas:


Car parking garages

The heat detectors have the following main characteristics:


Manufacturer: Johnson Controls



Model: 5951J



Thermal



Temperature of activation: 57ºC

Automatic sprinklers - Water flow switches
The automatic sprinkler systems are provided on each floor with water flow switches at all
occupancies of the building.
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3.2.2. Manual initiating devices
The building is provided with manual alarm initiating devices (Figure 11) in all areas near emergency
exits or provided so that any device will be a maximum of 20 meters from any location in the building.

Figure 11 – Manual alarm initiating device

3.2.3. Notification appliances
The fire alarm system is provided with audio-visual notification appliances (Figure 12) in all
occupancies.

Figure 12 – Audio-visual fire alarm notification device
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3.2.4. Fire Alarm control panel
The fire alarms are centralized in a control room in the first floor of the building with replied fire control
panel at the guard house. The alarm systems are, therefore, permanently monitored by security and/or
administration employees.
The fire alarm control panel (Figure 13) has the following main characteristics:


Manufacturer: Johnson Controls



Model: IFC2-640E

Figure 13 – Fire alarm control panel

3.2.5. Fire detectors location, spacing and placement
Smoke detectors
Smoke detectors are provided at the office and theater areas with the following installation
characteristics:


Ceiling: Smooth, no slope



Obstructions: None



Offices:



o

Maximum spacing (m): 8.7m

o

Maximum distance from detector (m): 4.8m

Theater:
o

Maximum spacing (m): 10m

o

Maximum distance from detector (m): 7m



Required maximum spacing (m) - (NFPA 72/2013): 9m



Required maximum distance from detector (m) - (NFPA 72/2013): 6.4m
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NOTE: It could not be verified if smoke detectors are installed at the roof level of the theater (not
shown on smoke detection system drawings). Smoke detectors at the roof level are necessary to
provide adequate spacing (critical for detection time activation) and to properly activate the smoke
exhaust system in case of fire on the stage area or within the center of the room. The fire detection
drawings only show smoke detectors below and above the mezzanine and on the ceiling of the
second floor of the theater.
As observed above, the offices are in accordance with the reference standards for spacing, location
and placement of detectors; while the theater has a slight difference in maximum spacing. The most
important aspect to be verified is the placement and spacing of the smoke detectors at the roof level of
the theater area (first floor) that was not available in the provided documentation.
Heat detectors
The heat detectors are provided at the car parking garages with the following main characteristics:


Ceiling: Obstructed, no slope



Obstructions: Concrete beams 0.38 m deep



Car parking garage:
o

Maximum spacing (m): 5.2 m

o

Maximum spacing to beams (>100mm deep): 4.5m



Required maximum spacing (m) - (NFPA 72/2013): 15.2 m (listed spacing)



Required maximum spacing to beams (>100mm deep) - (NFPA 72/2013): 10.1m

The heat detectors spacing is in accordance with reference standards requirements.

3.2.6. Analysis of fire detector response
The DETACT model has been used to evaluate the fire detectors response time.
The heat detectors have been evaluated by their RTI and rated temperature, as in accordance with the
listed spacing.
The smoke detectors have been evaluated by the optical density x temperature analogy method. The
difference in temperature has been considered the value as obtained in Table B.4.7.5.3 (NFPA
72/2013), considering that much of the materials burning will be consisting of plastics, the values for
plastic materials (PVC and Polyurethane) were used, which gives a value of 7 ºC temperature rise for
detector response.
The design fire characteristics are discussed in Section 4.1 Fire scenarios.
The following results were obtained.
Heat detectors
The following characteristics have been used for the calculations:
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Environment temperature: 20ºC



Rated temperature: 57ºC




RTI: 54 (



Ceiling height: 2.85m



Fire: t-squared with fast fire growth rate

∙ ) (based on listed spacing)

Maximum radial distance: 5.2m

Results of the DETACT model (Figure 14):


Time for actuation: 156 seconds



Heat release rate at actuation: 1,144 kW

Figure 14 – DETACT model – heat detectors at car parking garage

Smoke detectors
The following characteristics have been used for the calculations:


Environment temperature: 20ºC



Final temperature: 27ºC (temperature increase of 7ºC)



RTI: negligible



Maximum radial distance: 6.4m



Ceiling height (offices): 2.8m



Ceiling height (theater): 9.0m



Fire (offices): t-squared with medium fire growth rate



Fire (theater): t-squared with fast fire growth rate
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Results of the DETACT model (offices) – (Figure 15):


Time for actuation: 68 seconds



Heat release rate at actuation: 56 kW

Figure 15 – DETACT model – smoke detectors at offices

Results of the DETACT model (theater) – (Figure 16):


Time for actuation: 80 seconds



Heat release rate at actuation: 301 kW
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Figure 16 – DETACT model – smoke detectors at theater

3.2.7. Fire alarm system types and requirements
The fire alarm system at this building is of the Protected Premises type. There are no supervising fire
alarm stations in Brazil; therefore the system is not connected to external systems. The following main
requirements apply to alarm, supervisory and trouble signals for the protected premises system in
accordance with reference international standards (NFPA 72/2013). The system acceptance
documentation has not been evaluated for this project, so the following items are presented as
requirements, without an evaluation of compliance.
Alarm signals


Actuation of alarm notification appliances, emergency control functions interface devices and
annunciation at the protected premises shall occur within 10 seconds after the actuation of an
initiating device



A presignal feature is permitted if approved by the authority having jurisdiction as follows:
o

The initial fire alarm signals sound only in a constantly attended location (office,
control room, fire brigade station, etc) and subsequent system operation is by either of
the following:

o

Human action that activates the general fire alarm, OR

o

A feature that allows the control equipment to delay the general alarm by more than 1
minute after the start of the alarm processing



A positive alarm sequence is permitted if approved by the authority having jurisdiction as
follows. The system shall provide means for bypassing the positive alarm sequence:
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o

To initiate the positive alarm sequence operation, the signal from an automatic fire
detection device selected for positive alarm sequence operation shall be
acknowledged at the fire alarm control unit by trained personnel within 15 seconds of
annunciation.

o

If the signal is not acknowledged within 15 seconds, notification signals in accordance
with the building evacuation or relocation plan and remote signals shall be
automatically and immediately activated.

o

If the positive alarm sequence operation is initiated, trained personnel shall have an
alarm investigation phase of up to 180 seconds to evaluate the fire condition and reset
the system.

o

If the system is not reset during the alarm investigation phase, notification signals in
accordance with the building evacuation or relocation plan and remote signals shall be
automatically and immediately activated.

o

If a second automatic fire detector selected for positive alarm sequence is actuated
during the alarm investigation phase, notification signals in accordance with the
building evacuation or relocation plan and remote signals shall be automatically and
immediately activated.

o

If any other fire alarm initiating device is actuated, notification signals in accordance
with the building evacuation or relocation plan and remote signals shall be
automatically and immediately activated.

Supervisory signals


Visible and audible indication of latching supervisory signals (or self-restoring supervisory
signals) shall be indicated within 90 seconds at the fire alarm control unit for local fire alarm
systems

Trouble signals


Fault conditions shall result in the annunciation of a trouble signal at the protected premises
within 200 seconds

3.2.8. Notification appliances location, spacing and placement
The notification appliances location, spacing and placement have been evaluated for each one of the
occupancies of this building as follows:
Offices
The offices are provided with horn/strobe devices with the following main characteristics:


Horn rated sound level: 88 dBA (@16V)



Strobe rated illumination level: 15 – 115 cd (field adjustable)



Maximum existing distance from device: 23.7m



Sound level @ 24m (6 dBA rule-of-thumb): 70 dBA
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The audibility requirements (NFPA 72/2013) are provided below:


Average ambient sound level (business occupancies): 55 dBA



Minimum alarm sound level @ any location: 70 dBA (Public mode)

The visibility requirements (NFPA 72/2013) are provided below:


Minimum required light output (one light per room / 24.4m room): 240 cd (additional units are
required)

The building alarms in the office areas comply with the audible requirements; however the illumination
requirements are not compliant with the required per reference standards.
Car parking garages
The car parking garages are provided with horn/strobe devices with the following main characteristics:


Horn rated sound level: 88 dBA (@16V)



Strobe rated illumination level: 15 – 115 cd (field adjustable)



Maximum existing distance from device: Approximately 40m (irregular geometry)



Sound level @ 48m (6 dBA rule-of-thumb): 64 dBA

The audibility requirements (NFPA 72/2013) are provided below:


Average ambient sound level (underground occupancy): 40 dBA



Vehicle sound level (mean values) > 1 minute: 50 dBA



Minimum alarm sound level @ any location: 55 dBA (Public mode)

The visibility requirements (NFPA 72/2013) are provided below:


Minimum required light output (two strobes per room / 35m room): 540 cd (additional units are
required)

NOTE: The room has been considered with only two strobes because the third equipment is within an
area with 3 walls, not accounting for illumination except for the limited space.
There are areas that are not covered by the light emitting devices since the installed devices are not
facing all the areas of the car parking garages and there are walls and irregular geometries that will
avoid propagation of light as it would in an open space (shadow areas).
The building alarms in the car parking garage areas comply with the audible requirements; however
the illumination requirements are not compliant with the required per reference standards.
Theater
The theater is provided with horn/strobe devices with the following main characteristics:


Horn rated sound level: 88 dBA (@16V)
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Strobe rated illumination level: 15 – 115 cd (field adjustable)



Maximum existing distance from device: 15m



Sound level @ 24m (6 dBA rule-of-thumb): 70 dBA

The audibility requirements (NFPA 72/2013) are provided below:


Average ambient sound level (assembly occupancies): 55 dBA



Minimum alarm sound level @ any location: 70 dBA (Public mode)

The visibility requirements (NFPA 72/2013) are provided below:


Minimum required light output (one light per room / 18m room): 135 cd

The building alarms in the theater area comply with the audible requirements; however the illumination
requirements are not compliant with the required per reference standards.
NOTE: Adjusted settings (candela) of each strobe are not indicated in the design. The adjustment of
the illumination output in the field cannot be evaluated.

3.2.9. Mass notification systems
There are no mass notification systems installed in this high-rise building.
According to the reference international regulations (IBC 2012), the following requirements apply to
the building:
“[F] 907.2.13 High-rise buildings.
High-rise buildings shall be provided with an automatic smoke detection system in accordance with
Section 907.2.13.1, a fire department communication system in accordance with Section 907.2.13.2
and an emergency voice/alarm communication system in accordance with Section 907.5.2.2.”
“[F] 907.2.13.2 Fire department communication system.
Where a wired communication system is approved in lieu of an emergency responder radio coverage
system in accordance with Section 510 of the International Fire Code, the wired fire department
communication system shall be designed and installed in accordance with NFPA 72 and shall operate
between a fire command center complying with Section 911, elevators, elevator lobbies, emergency
and standby power rooms, fire pump rooms, areas of refuge and inside enclosed exit stairways. The
fire department communication device shall be provided at each floor level within the enclosed exit
stairway.”
“[F] 907.5.2.2 Emergency voice/alarm communication systems.
Emergency voice/alarm communication systems required by this code shall be designed and installed
in accordance with NFPA 72. The operation of any automatic fire detector, sprinkler waterflow device
or manual fire alarm box shall automatically sound an alert tone followed by voice instructions giving
approved information and directions for a general or staged evacuation in accordance with the
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building’s fire safety and evacuation plans required by Section 404 of the International Fire Code. In
high-rise buildings, the system shall operate on a minimum of the alarming floor, the floor above and
the floor below. Speakers shall be provided throughout the building by paging zones. At a minimum,
paging zones shall be provided as follows:
1. Elevator groups.
2. Exit stairways.
3. Each floor.
4. Areas of refuge as defined in Section 1002.1.”
The referred communication systems are not provided in this building as it would be required by
international regulations; local codes do not require such installation. The communication systems are
particularly important for phased evacuation. Further discussions are provided in Section 5,
Conclusion.

3.2.10.

Power supply

The power supply to the fire emergency systems consists of the following sources:
1. Primary power supply: Commercial light and power (supplier grid)
2. Secondary power supply: Automatic-starting engine-driven power generators (3 x 405 kVA)
The power supplies are designed to supply the following equipment:


Fire pumps and fire pump house equipment



Fire detection and alarm systems



Fire dampers, automatic make-up air vents, smoke exhaust motors and equipment, stairway
pressurization motors and equipment



Emergency elevator



50% of the lighting

The power supplies are considered to be adequate considering the requirements for primary and
secondary power supplies.

3.2.11.

Inspection, testing and maintenance requirements

The following summary inspection and maintenance requirements are provided for the fire detection
and alarm systems (NFPA 72/2013). Detailed requirements are presented in the referred standard and
should also be obtained in accordance with manufacturer guidelines.
NOTE: The fire detection and alarm systems acceptance, inspection, testing and maintenance
documentation for this building was not reviewed for this project. This section is dedicated to a study of
what would be the basic general requirements for the existing systems in accordance with the
reference international standards. A compliance evaluation was not conducted.
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System – general
Annual:


Visual inspection: Ensure there are no changes that affect equipment performance. Inspect for
building modifications, occupancy changes, changes in environmental conditions, device
location, physical obstructions, device orientation, physical damage, and degree of
cleanliness.



Visual inspection: Control equipment



Test all control equipment functions and components



Test all trouble signals



Test system under secondary power supply

Initiating devices:
Quarter:


Verification of water flow devices

Semiannual:


Verification of smoke detectors, heat detectors, manual fire alarm boxes, duct detectors

Annual:


Perform functional testing of smoke detectors, heat detectors, manual fire alarm boxes and
duct detectors

Notification appliances
Semiannual:


Visual inspection for location and condition and candela markings

Annual:


Test operation

Batteries
Semiannual:


Visual inspection for corrosion or leakage



Load voltage test

Annual:


Charger and discharge tests OR replace batteries
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Engine-driven generator
Monthly:


Test engine-driven generators

3.2.12.

Summary – Fire detection and alarms

The fire detection and alarm systems have been evaluated in accordance with prescriptive
requirements of the reference standards.
The fire detection systems are considered to be compliant regarding areas, location, spacing, etc. An
exception was observed at the Theater roof, where smoke detection could not be verified to be
provided above the public and stage areas, as observed by the presented drawings. Smoke detectors
located at the roof level are necessary especially to operate the smoke exhaust systems.
The notification appliances were compliant when considering the sound level; however the illumination
coverage of the strobes is inadequate in all occupancies even when the maximum adjusted setting is
assumed for the equipment. Also, there are areas that are shadowed by the internal building walls
layout. In addition to that, the project documentation does not present which illumination value
(adjustable strobes) should be used to each strobe. The local regulations (IT-19/2011) and national
technical standards (ABNT NBR 17240/2010) for fire detection and alarms have limited guidelines on
spacing and positioning of horns and strobes, so the manufacturer instructions should be followed, as
well as the reference international regulations. It has also been observed regarding this matter, that
the acceptance of the horns and strobes sound and illumination levels are based solely on sensitive
verifications as determined by the national technical standards (ABNT NBR 17240/2010); however this
is not sufficient to guarantee the design sound and illumination levels, therefore measurements should
be included as requirement.
Finally, the installation of emergency voice/alarm communication systems is not required by local
regulations, while they are required by international regulations. These systems are important for
phased evacuation as will be discussed in Section 5, Conclusion of this report.
Following the evaluation of fire detection and alarms, an evaluation of the fire suppression systems by
prescriptive requirements has been conducted and is presented in the next section.

3.3. Fire suppression systems
The building is provided with the following fire suppression systems in its entire area (all occupancies offices, car parking garage and theater):


Automatic sprinkler systems



Standpipes

A description of the systems and hydraulic analysis is provided in this section as follows.
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3.3.1. Automatic sprinkler systems
The analysis of the requirements for design of automatic sprinkler systems was based on the local and
international regulations, respectively: (NBR 10.897:2014) and (NFPA 13 (2016)). A comparison
between the two technical standards have not been conducted in this section since the national
technical standard is fully based on the international standard, with the exception of the protection of
storage areas that is not relevant for this building, so no important differences would have been
observed.
Automatic sprinkler system design criteria and hydraulic calculations were not provided for review;
therefore the design was verified based on the occupancy and the available drawings with the piping
dimensions. Drawings were not found in the project documentation for the theater and garage floors,
so a sketch was developed based on site visits with some inferred information based on experience.
Hydraulic calculations were run for that purpose in hydraulic calculation software. It is important to
emphasize, however, that not all information could be obtained, so the calculations are rough
estimates for academic purposes.
The system sketches and hydraulic calculation results are presented in Section 7.2 Appendix 2 – Fire
suppression systems sketches and calculations. Automatic sprinkler systems were evaluated in
accordance with the following design criteria (Table 16) for each one of the areas:
Table 16 – Automatic sprinkler system design
AREA

Required
Occupancy
classification

Type

Installed
Sprinkler
Heads

Required
Design

Required
Design Duration
(min)

Density Area
(gpm/ft²)
(ft²)
Offices
system 1
(gravity)

Light hazard

Wet

Offices
system 2
(gravity +pump)

Light hazard

Wet

Garage
(gravity)

Ordinary hazard
Group 1

Wet

Theater
(gravity)

Ordinary hazard
Group 2

Wet

Concealed
Pendent
K-5.6 SR
74ºC cover
74ºC spk
Concealed
Pendent
K-5.6 SR
74ºC cover
74ºC spk
Upright
K-5.6
SR
79ºC
Main room:
Pendent
K-5.6
SR
79ºC

0.1@1500

30

0.1@1500

30

0.15@1500

60

0.2@1500

60

NOTE: The hydraulic calculations were conducted separately for automatic sprinkler and standpipes
since these systems are independently supplied. For more information, refer to Section 3.3.3 Water
Supplies for fire protection.
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As observed per the attached hydraulic calculations, the automatic sprinkler systems are adequately
designed for the occupancy in accordance with local and international regulations.
Control and alarm
The following arrangement (independent flow switch alarms - Figure 17) is provided in each floor
connected to a constantly attended location and located in an area accessible from the pressurized
stairs.

Figure 17 – Alarm flow switch (one per floor)

3.3.2. Standpipes
The building is also provided with standpipes in all areas accessible through the pressurized stairs.
The standpipes are in accordance with local regulations (IT 22/2011) that require Type 3 standpipes
for the occupancy and area of the building under analysis.
The Type 3 standpipes must follow the requirements below:


Flow x pressure: 50 gpm @ 58 psi



1 ½” standpipes and hoses (30 m long)



Located at each floor



Minimum volume (duration): 9,250 gal

The international regulations (IBC 2012) and (NFPA14/2016) require that the building is provided with
Class I standpipe systems, considering the existence of automatic sprinklers in all areas.
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The requirements for Class I standpipe systems are provided below:


Flow x pressure: 500 gpm @ 100 psi



2 ½” standpipes and hoses



Located at each floor



Minimum volume (duration): 30 minutes – 15,000 gpm

The standpipes provided in this high-rise building do not meet the requirements for the international
regulations.
The standpipes also do not meet the requirements of the local codes specifically in the part of the
system designed for gravity water supply at the upper floors. This is because the residual pressure of
such systems are not adequately supplied by the gravity pressure at some of the upper floors (refer to
Section 5.1 Recommendations). This may be because of the fact that this building was constructed
before the last update of the local codes, which increased the required residual pressure of the system
in 2011.
There is a very significant difference between the international and local regulations regarding the
requirements for water flow and pressure at the standpipes that will be discussed in Section 5.2 Local
and international standards.

3.3.3. Water Supplies for fire protection
The first information to be clarified in this section is that public supplies of water for firefighting
purposes are not available in Brazil, so the buildings are provided with individual firefighting water
supplies.
The water supply at this building is composed of two interconnected water tanks at the top of the
building that feed the standpipes and automatic sprinklers. The automatic sprinklers and the
standpipes are fed through independent piping. A schematic drawing is presented in Figure 18.
th

The standpipes are fed by gravity up to the 12 floor and the automatic sprinklers are fed by gravity up
th

to the 10 floor. Above those floors the systems are supplied by two fire pumps each (one main pump
and one reserve), both electrical.
The fire pump house is located at the top of the building in an area accessible through the pressurized
stairs. The fire pumps are supplied by the emergency generators located at the top of the building.
A simplified sketch of the two independent water supplies for automatic sprinklers and standpipes is
provided below. Detailed drawings, as well as pump curves, are provided at Section 7.2 Appendix 2 –
Fire suppression systems sketches and calculations.
Table 17 shows a summary of the water supply characteristics.

56

Figure 18 – Water supply – simplified sketch
Table 17 – Water supply summary
Driver
Pump
Suction

Water supply
AS
Pump #1
AS

Electric w/ emergency
generator

Characteristics
(gpm@psi)

Electric w/ emergency
generator

(reserve)

Horizontal shaft

Gravity

Static: 108 psi
Gravity

Residual: 98 psi
Flow: 300 gpm
(calculated)

Standpipe
Pump #1
Standpipe

10th floor to attic

Electric w/ emergency
generator

110gpm@52 psi

Horizontal shaft

Pump #2

Electric w/ emergency
generator

(reserve)

Horizontal shaft

Sprinklers

265gpm@52 psi

Ground level –
103,95m

Supplying
(directly)
Sprinklers

265gpm@52 psi

Horizontal shaft

Pump #2

AS

Tank
(gal)

10th floor to attic
Concrete
2 x 19,840
TOTAL

Sprinklers
5th basement to 10th floor

39,680
Reserved for Standpipes
sprinklers and
12th floor to attic
standpipes
29,100

110gpm@52 psi

Standpipes
12th floor to attic

12th floor – 152,25m
Standpipe
Gravity

Gravity

Static: 38 psi

Standpipes

Residual: 27 psi

5th basement to 12th floor

Flow: 100 gpm

The pictures below (Figure 19, Figure 20, Figure 21 and Figure 22) show the fire pump house and
concrete reservoir at the top of the building (178,50m elevation) accessible through the pressurized
stairs.
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Figure 19 – Standpipe fire pumps (one main, one
reserve and one jockey)

Figure 20 – AS Fire pumps (one main, one reserve
and one jockey)

Figure 21 – Fire pumps pressure switches and
pneumatic tank

Figure 22 – Fire pumps controller

The local regulations do not require that water supply equipment be approved by a certification agency
(fire pump and controller). Comments on the reliability of the water supplies are provided in Section
5.2 Local and international standards.
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The duration of the water supplies have been calculated based on the highest flow of sprinklers plus
the standpipe for the local regulations and is in accordance with the required duration:
=

29,100
(375
+ 50

)

= 68

The water supplies analysis graphs are provided as follows (Figures 23, 24, 25, 26 and 27). For
hydraulic calculations and fire pumps design flow x pressure curves, refer to Appendix 2 – Fire
suppression systems sketches and calculations.
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th

Water supply evaluation – automatic sprinklers – pump – 15 floor (Ref.: Pump discharge)
1 – Water supply - sprinklers (pump
discharge)
2 – Required flow x pressure (pump
th

discharge) – automatic sprinklers – 15
floor

th

Figure 23 - Water supply evaluation – automatic sprinklers – pump – 15 floor
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th

Water supply evaluation – standpipes – pump – 15 floor (Ref.: Pump discharge)
1 – Water supply – standpipes
(pump discharge)
2 – Required flow x pressure
(pump discharge) – standpipe
th

H-1 – 15 floor

th

Figure 24 - Water supply evaluation – standpipes – pump – 15 floor
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th

Water supply evaluation – automatic sprinklers – gravity – 10 floor (Ref.: BoR)
1 – Water supply – automatic sprinklers –
th

gravity (10 floor BoR)
2 – Required flow x pressure – automatic
th

sprinklers – 10 floor

th

Figure 25 - Water supply evaluation – automatic sprinklers – gravity – 10 floor
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th

Water supply evaluation – standpipes – gravity – 12 floor (Ref.: Standpipe H-16)
1 – Water supply – standpipes –
th

gravity - 12 floor
2 – Required flow x pressure –
th

standpipe H-16 – 12 floor

th

Figure 26 - Water supply evaluation – standpipes – gravity – 12 floor
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st

Water supply evaluation – automatic sprinklers – gravity – 1 basement and theater (Ref.: Ground level – 103,95m)

1 – Water supply – automatic
sprinklers – gravity – ground level
2 – Required flow x pressure –
st

automatic sprinklers - 1 basement
3 – Required flor x pressure –
automatic sprinklers - Theater

st

Figure 27 - Water supply evaluation – automatic sprinklers – gravity – 1 basement and theater
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3.3.4. Inspection and maintenance
The following summary inspection and maintenance requirements are provided for the water based
fire suppression systems (NFPA 25, 2014). Detailed requirements are presented in the referred
standard and should also be obtained in accordance with manufacturer guidelines.
NOTE: The fire suppression systems acceptance, inspection, testing and maintenance documentation
for this building was not reviewed for this project. This section is dedicated to a study of what would be
the basic general requirements for the existing systems in accordance with the reference international
standards. A compliance evaluation was not conducted.
There are no local regulations with detailed inspection, testing and maintenance requirements for fire
protection systems. For more information, refer to Section 5.2, Local and international standards.
Sprinkler systems
The following items and frequency of inspections are recommended applicable to the existing sprinkler
systems:


Water flow alarms: Quarterly



Gauges: Quarterly



Hangers, pipe, fittings, sprinklers, spare sprinklers: Annually



Obstructions, internal piping: 5 years

The following tests are required for the existing sprinkler systems:


Water flow alarms: Quarterly



Main Drain: Annually



Gauges: 5 years



Sprinklers: At 50 years and every 10 years thereafter

Standpipe and hose systems
The following items and frequency of inspections are recommended applicable to the existing
standpipe systems:


Piping: Annually



Hose cabinet: Annually



Hose, storage device, nozzle: Annually

The following tests are required for the existing standpipe systems:


Hose storage device: Annually



Hose: 3 to 5 years



Hydrostatic test: 5 years



Flow test: 5 years
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Connections and valves: Annually

Fire pumps
The fire pumps should be tested weekly in automatic mode and diverse pump house items and
equipment should be inspected as detailed in the referred standard.
In addition to the inspection and testing, preventive maintenance should be conducted in the diverse
pump house equipment and components as detailed in the referred standard in frequencies that vary
from semiannually to annually.
A full performance test is required to be conducted yearly; however for that to be possible, a
flowmeter line should be installed.
Water storage tanks
Water level should be verified monthly.
Interior inspection of tank should be conducted every 5 years.
Valves, valves components and trim
Valves should be inspected as follows:


All valves - Open and locked in the open position: Monthly



Check valves interior inspection: 5 years

The following test should be conducted for the valves in this system:


All valves – Position/operation and general maintenance: Annually

Impairments
All fire protection systems impairments should be formally authorized and monitored in accordance
with the referred standard. Measures should be taken during the impairment to ensure that increased
risks are minimized and the duration of the impairment is limited.

3.3.5. Summary – Fire Suppression Systems
The fire suppression systems have been evaluated in accordance with prescriptive requirements of
the reference standards.
The automatic sprinkler systems have been considered compliant with both local and international
regulations and technical standards.
The standpipes installations are considered in part to be of lower flow and pressure than it would be
required per current local regulations; however this may be a result of the update of the regulations in
2012. The standpipes design is much lower in flow and pressure than what would be required by
international regulations and standards and for fighting a developed post flashover fire. A few
modifications of the piping connections could increase the flow and pressure to that required by
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current local standards (IT 22/2011). Increase to meet international standards is likely technically not
feasible for the existing construction.
The water supplies are compliant with local standards; being of reduced volume when compared to
what would be required by international standards for the standpipe flow and duration as discussed
above. An important aspect to be discussed is the absence in local codes and standards of a
dedicated technical standard for fire pumps and fire pump house equipment, as well as requirements
for certification of water supply equipment. Therefore, the installed water supplies are not compliant
with the international standards, resulting in a reduced reliability when these regulations are
considered as a reference.
Recommendations and comments are presented in Section 5, Conclusion of this report.
Following the evaluation of fire suppression systems, an evaluation of the smoke management
systems by prescriptive requirements has been conducted and is presented in the next section.

3.4. Smoke management systems
Smoke management systems are installed in all building occupancies: offices, theater and car parking
garage, as well as for pressurization of stairways. The systems have been evaluated in accordance
with international regulations (NFPA 92, 2015) and local regulations (IT-15/2011) and (IT-13/2011) for
the following separate systems:


Stairway pressurization systems (tower office floors)



Stairway pressurization systems (basement car parking floors)



Smoke exhaust system (office floors)



Smoke exhaust system (basement floors)



Smoke exhaust system (theater)

The analysis of the systems has been conducted separately as follows.
Stairway pressurization systems
The emergency stairways are required to be smoke proof to avoid smoke entrance as required per
Section 403 (IBC 2012) and local regulations (Decreto Nº56.819/2011).
The existing emergency stairways consist of a scissor type stairs and the pressurization is via outlets
supplied independently in all floors for each one of the stairs and inside the vestibules. The systems
are activated by smoke detection at the elevator/stairways hall.
The following design information applies to this installation:


Stairways West (tower – offices): 2,444m³/h on each floor (total design supply: 22,000m³/h).
The vestibule is pressurized by connection with the stairways through an overpressure
damper. Nominal fan pressure rating: 55 mmCA (540 Pa).
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Stairways East (tower – offices): 2,200m³/h on each floor (total design supply: 22,000m³/h).
Nominal fan pressure rating: 55 mmCA (540 Pa).



Emergency elevator vestibule East (tower – offices and underground – car parking):
1,437m³/h on each floor (total design supply: 34,500 m³/h). Nominal fan pressure rating: 55
mmCA (540 Pa).



Stairways Central (underground – car parking): 5,000m³/h on each floor (total design supply:
20,000m³/h). Nominal fan pressure rating 40 mmCA (390 Pa).



Stairways North (underground – car parking): 4,000 m³/h on each floor (total design supply:
20,000m³/h). Nominal fan pressure rating 40 mmCA (390 Pa).

The exhaust fans are designed for one unit with the total flow with one reserve equipment in case of
failure.
The exhaust fans are provided with a differential pressure switch to adjust the pressure of the
pressurized stairway between a minimum of 50 Pa and a maximum of 60 Pa (IT-13/2011). The local
regulations require that the systems are tested for acceptance measuring flow and pressures. No
information has been provided on the calculations and acceptance testing, so this was not evaluated
in more depth in this report.
The pressure difference required by international standards is 12 Pa for this sprinklered building
according to Table 4.4.2.1.1 (NFPA 92, 2015); therefore the international regulation is less
conservative because it provides advantages in case of sprinkler systems are installed. The factor of
the building being sprinklered or not is not considered in local regulations. When the building is not
sprinklered, in the worst case scenario for ceiling heights, the pressure difference required by
international regulations is similar to what is required for local regulations.
The calculation of the pressurization for the main stairways has been verified as follows. The following
calculation procedure is recommended in the local regulations for pressurization of stairways. The total
air supply flow can be calculated as follows:

Where:

= 0,827 ×

×∆

( ⁄ )

Q is the air flow (m³/s)
A is the restriction area (m²)
∆ is the differential pressure (Pa)

The total area can be calculated as follows for openings in parallel:
=

+

+

+ ⋯+

The total area can be calculated as follows for openings in series:
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1

=

1

+

1

1

+

+⋯+

1

Considering a total of 16 closed doors and 4 opened doors (two per two floors) as required by
regulations (IT-13/2011), and also considering that the doors are in series with the vestibule doors, the
following total area has been calculated:
For two open doors in series (stairway and vestibule):
1
1

=

=

1

1

+

1
1
+
∴
1.64
1.64

= 1.16 ²

For two closed doors in series (stairway and vestibule)
1
1
The total area is, therefore:

=

=

1

1
1
+
∴
0.03
0.03

+

1
= 0.02

²

= 4 × 1.16 + 16 × 0.02 = 4.96 ²

The flow should be first calculated for all doors closed and the design differential pressure:
= 2 × 0.04 + 20 × 0.03 = 0.68 ²

= 0.827 × 0.68 × 50(

⁄ )

= 3.98 ³/

The flow should be then compared to what would be required for the doors opened:
= 4.96 × 1.0 = 4.96 ³/

It is required that a 1.4 correction factor is included, therefore:

= 4.96 × 1.4 = 6.94 ³/ = 25,000

/ℎ

The calculated value is within around 10% of the existing design value. It is possible that a smaller
safety factor has been used in the design which could be justified by appropriate calculations (not
made available for this analysis).
NOTE: The two door opened criteria is questionable especially because there are no features for
phased evacuation, so it is possible that multiple doors will be opened at the same time. Refer to
Section 5 Conclusion for additional comments.
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Smoke exhaust systems
A smoke exhaust system is required at this building by local regulations (Decreto Nº56.819/2011) and
(IT-15/2011) for high rise office areas more than 60m high; however there are no requirements for
smoke exhaust systems on the Theater area and on the underground Car Parking Garages. Even
though, the Theater is provided with an emergency smoke exhaust system and the Car Parking
Garages have the normal ventilation systems provided with emergency operation configuration in case
of smoke detection.
A smoke exhaust system is not required by the international regulations (IBC 2012) on the high rise
office areas, and is not also required to the underground Car Parking Garages, neither in the Theater.
The smoke exhaust systems are designed in accordance with the following information for each
independent system:


Office tower (west): 16,000 m³/h with 20 smoke inlets at the room center (325mm x 225mm).
Four make up air inlet vents located near the floor on the glass facades are automatically
released opened by system activation. The smoke extraction fan is rated 28,000 m³/h @ 60
mmCA (590 Pa) located at the roof of the building.



Office tower (east): same as west system.



Car parking garages: 167,000 m³/h extracting from all floors simultaneously (1

st

th

to 5

basement), 33,400 m³/h per floor. The smoke extraction fans are rated 63,100 m³/h @ 30
mmCA (290 Pa) (two units) and 40,800 m³/h @ 40 mmCA (390 Pa) (one unit). Each unit (total
of three) is installed and connected to a duct with 4 inlets per floor (1025mm x 325mm)
located respectively at the west, east and north extremities of each floor. The exhaust systems
are designed for normal operations to exchange air in the basement areas.


Theater: 88,000 m³/h with 10 smoke inlets at the top of the stage (1250mm x 550mm). The
smoke extraction fans are 2 x 44,000 m³/h located at the top of the roof.

In the office floors systems, each duct of the smoke exhaust system attending one floor is isolated
from the others by a fire damper so that the smoke exhaust system is only actuated in the area of the
fire and does not spread smoke to the other floors.
NOTE: The office plan layout varies significantly with the arrangement of the leasing companies so
that the smoke exhaust systems may be affected either by separation of the smoke extraction points in
different rooms, reducing the smoke extraction flow in each area, or by the subdivisions that do not
allow make up air in adequate velocity to each separated area. The smoke extraction systems should
be studied for each layout to address these items in detail prior to the modifications. One specific case
of this type of change is being evaluated under the Section 4 Performance Based Design.
Automatic opening doors are not installed as required by international and local regulations (this
applies to the theater building and one specific case evaluated for a changed office floor). The doors
will only open manually, which is inadequate to provide make-up air for the smoke extraction systems
in accordance with regulations. Refer to Section 5.1 Recommendations.

70

Offices
The smoke exhaust system for the office is evaluated by the following calculations (NFPA 92, 2015).
The design fire has been established to be held constant by the control of automatic sprinklers at
600kW (refer to Section 4 Performance Based Design).
The limiting elevation of the fire is calculated as follows:

For

>

,

= 0.166 × ( × )

= 0.071 × ( × ) ×

/

= 1.33

+ 0.018 × ( × ) = 4.51

The smoke layer temperature can be calculated by:
=

+

/

× ×
×

1.0 × 0.3 × 600
= 338
4.51 × 1.0

= 298 +

The density of smoke is calculated as follows:
=

×

=

101,325
= 1.04
287 × 338

The volumetric flow rate is determined as follows:
=

=

4.34

/ ³

= 15,600 ³/ℎ

The design exhaust flow (16,000m³/h) is in accordance with the calculated flow (15,600m³/h). The
exhaust fan is 28,000m³/h with a 1.75 safety factor.
Car Parking Garages
The smoke exhaust system for the car parking garage is evaluated by the following calculations (NFPA
92, 2015).
The design fire has been established to be held constant by the control of automatic sprinklers at
1500kW.
The limiting elevation of the fire is calculated as follows:

For

>

,

= 0.166 × ( × )

= 0.071 × ( × ) ×

/

= 1.9

+ 0.018 × ( × ) = 9.83

The smoke layer temperature can be calculated by:
=

+

/

× ×
×
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= 298 +

1.0 × 0.3 × 1500
= 344
9.83 × 1.0

The density of smoke is calculated as follows:
=

×

=

101,325
= 1.03
287 × 344

/ ³

The volumetric flow rate is determined as follows:
=

= 9.54

= 34,300

³/ℎ

The design exhaust flow (33,400 m³/h) is approximately the same flow as the calculated above
(34,300 m³/h).
Theater
The smoke exhaust system for the theater is evaluated by the following calculations (NFPA 92, 2015).
The design fire has been established to be held constant by the control of automatic sprinklers at
2800kW.
The limiting elevation of the fire is calculated as follows:

For

>

,

= 0.166 × ( × )

= 0.071 × ( × ) ×

/

= 2.45

+ 0.018 × ( × ) = 30.68

The smoke layer temperature can be calculated by:
=
= 298 +

+

/

× ×
×

1.0 × 0.3 × 2800
= 325
30.68 × 1.0

The density of smoke is calculated as follows:
=

×

=

101,325
= 1.09
287 × 325

The volumetric flow rate is determined as follows:
=

= 28.15

= 101,300

/ ³

³/ℎ

The design exhaust flow (88,000 m³/h) is less than it would be required by the calculations above. This
difference may be a result of the design fire considerations (the calculations of the original system
were not made available for review). The exhaust fans are designed for a total 88,000m³/h within 15%
less than would be required by the above calculations. The adequacy of this design will be further
discussed on Section 4 Performance Based Design.
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3.4.1. Summary – Smoke Management
The smoke management systems have been evaluated in accordance with prescriptive requirements
of the reference standards.
The limited amount of design details available has been evaluated on these systems and they have
been considered partially compliant, with a few noncompliant items, being the main issues discussed
below. The local regulations for smoke extraction were observed to be more demanding, considering
that all office floors are provided with a mechanical smoke extraction system, which would not be
required by international regulations.
The smoke exhaust and stairway pressurization systems flows have been calculated based on
selected design fires and compared to the fans capacities (no calculations were available for review
on this project). The pressure losses were not evaluated as part of this study. The systems flows are
considered to be compliant with reference standards per the prescriptive design, with the exception of
the theater smoke exhaust systems that may have a lower flow than what would be required by the
prescriptive method (the design fire for the existing system is unknown, so it may be possible that the
selected design fire is bigger than what has been considered by the designer calculations). However,
the smoke exhaust flow as installed in the Theater has been shown to be adequate by the
performance based method (refer to Section 4, Performance Based Design).
The most important issue to be discussed is the change in layout of some of the office floors by the
occupants, changing the internal partitions and consequently the make-up air and exhaust inlets
distribution and flow paths, which affect the capability of the smoke exhaust systems. All changes in
layout should carefully consider the smoke exhaust system.
The Theater smoke management system is not provided with automatic opening make-up air upon
activation of the system (automatically opening doors, for instance), which is required by regulations.
Finally, it is important to notice that even if compliant with the local regulations, the scenario
considered for the stairway pressurization calculations with only two floors (two doors each) opened
may be unrealistic especially considering that a phased evacuation is not possible (considering that an
EVAC system is not installed or required by local regulations). The regulations should consider
realistic scenarios based on the available alarm notification/communication systems and the
emergency response plan.
Recommendations and comments are discussed in Section 5, Conclusion of this report.
Following the evaluation of smoke management systems, an egress analysis by prescriptive
requirements has been conducted and is presented in the next section.

3.5. Egress analysis
The available and required means of egress were evaluated per prescriptive design for the three
occupancies as described in this Section by international regulations – Chapter 10 – Means of egress
73

(IBC 2012), the Life Safety Code (NFPA 101/2015); and local regulations (IT-11/2014), (IT-18/2011)
and (IT-20/2011) respectively referring to Emergency Exits, Emergency Lighting and Safety Signs.

3.5.1. Identification of existing emergency exits and accesses
The occupants’ areas, emergency exits and exit accesses were identified in simplified layouts of the
building occupancies under evaluation as presented in this Section (Figures 28 through 33).
Offices
NOTE: The internal layout of the offices is designed by the occupant (tenant) in each floor, usually by
open office desks, office rooms and meeting rooms. The individual internal layouts were not
considered in this analysis, although they may have impact on the overall egress time.

Figure 28 – Offices floors exit identification (typical floor)
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Car parking garage

Figure 29 - Car parking garage (typical floor)
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Theater – Ground level access

Figure 30 – Theater Ground level access
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st

Theater – 1 floor

st

Figure 31 – Theater 1 floor
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Theater – Balcony

Figure 32 – Theater Balcony
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nd

Theater – 2

floor

Figure 33 – Theater 2

nd

floor

The exit hardware and exit signaling can be observed by the pictures below (Figures 34 through 41):
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Figure 35 – Offices exit signs – light emitting

Figure 34 – Offices exit door (reentrance is
possible from stairway enclosure)

Figure 37 – Emergency Lighting and signaling

Figure 36 – Scissor stairways with emergency
lighting
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Figure 38 – Theater main exit doors with panic
hardware

Figure 39 – Theater side exit doors with panic
hardware

Figure 40 – Theater exit door with panic hardware

Figure 41 – Theater open exit stairways
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3.5.2. Occupancies and occupant load
The building occupancies are described in the previous Section 2.3 Building occupancies and
dimensions. A summary is presented below with respective occupant loads:
Offices


IBC occupancy classification: Business Group B



local regulations occupancy classification: D-1



Gross area per floor: 761m² (8,191 ft²)



Occupant load per IBC and LSC: 82 people/floor



o

West open office area: 41 people/floor

o

East open office area: 41 people/floor

Occupant load per IT-11/2014: 110 people/floor
o

West open office area: 55 people/floor

o

East open office area: 55 people/floor

Car parking garage


IBC occupancy classification: Low hazard storage Group S-2



Local regulations occupancy classification: G-2



Gross area per floor: 1,802 m² (19,397 ft²)



Car parking spaces/floor: 81



Occupant load per IBC and LSC: 97 people/floor



Occupant load per IT-11/2014: 3 people/floor

NOTE: There is a significant difference in the number of occupants calculated per IBC/LSC and IT11/2014 because the latter considers 1 occupant per 40 parking spaces and the first considers a
calculation based on the gross area of the floor. It has been decided to consider a number of
occupants of 97 people per floor from the IBC/LSC although it is more unlikely than the IT-11 number
of occupants; for this analysis it was considered more conservative for the scenario of a fire happening
in the car parking garage after the end of a theater presentation, supposing theater occupants will be
at the parking garage while leaving.
Theater


IBC occupancy classification: Assembly Group A-1



Local regulations occupancy classification: F-5



Gross total floor area (apart from fixed seats): 227m² (2,443 ft²)



Number of fixed seats:
o

First floor: 163

o

Balcony: 38

o

Total: 201
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Occupant load per IBC and LSC:
o

First floor: 163 + 17 (stage) = 180 people

o

Balcony: 38 + 5 (offices) = 43 people

o

Second floor (dressing rooms): 11 people

o

Total = 234 people total

Occupant load per IT-11/2014: 230 people total (similar subdivision)

NOTE 1: Dressing rooms/support areas were considered as residential occupancy.
NOTE 2: The waiting spaces/lobbies are not occupied simultaneously with the internal seating, so no
added population was considered to these areas.
Occupant load factors were obtained in accordance with the following Table 18 and Table 19 and
Section 1004.1.2 (IBC 2012):
Table 18 - Maximum floor area allowances per occupant (from Table 1004.1.2 of IBC 2012)

FUNCTION OF SPACE

OCCUPANT LOAD FACTOR
(ft²/occupant)

Assembly with fixed seats

See Section 1004.4

Residential

200 gross

Business areas

100 gross

Parking garages

200 gross

Stages and platforms

15 net

1004.4 Fixed seating.
For areas having fixed seats and aisles, the occupant load shall be determined by the number
of fixed seats installed therein. The occupant load for areas in which fixed seating is not
installed,

such

as

waiting

spaces,

shall

be

determined

in

accordance

with Section

1004.1.2 and added to the number of fixed seats. […]
Table 19 – Occupant load (Section of IT-11/2014 – Annex A Table 1)

Occupancy
Group / Division
D
F-2, F-5, F-8
G-1, G-2, G-3

Population
One person per 7m²
One person per m² *
One person per 40 vehicles

Passage unit capacity
(UP)
Exit access /
Stairways /
Exit discharge
Ramps
100
75
100
75
100
60

Doors
100
100
100

*The number of people will be established by the number of seats where occupants are in fixed
seating.
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Total building occupants
The following total number of occupants is the sum of all occupants per floor, as described below:


Total offices (15 floors): 1230 / 1650



Total car parking garages (5 floors): 485 / 20



Total theater (2 floors + mezz + hall): 234 / 230



TOTAL: 1949 (IBC 2012) / 1900 (IT-11/2014)

With the exception of the car parking garage areas, explained previously, the occupancy load factors
for national and international regulations do not present significant differences.

3.5.3. Number and arrangement of means of egress
Offices
The local code (IT-11/2014) requires that a minimum of two exits are provided to buildings that are
more than 36 m high, which applies to this building. When two exits are provided, their entrance doors
are required to be located more than 10m apart from each other. The existing building is in accordance
with local code requirements.
The LSC (NFPA 101/2015) requires that a minimum of two means of egress are provided in any case,
except where permitted by specific chapters. In the case of the offices occupancies of this building, the
LSC requires that a minimum of two exits are accessible at every story. In addition to that, the
minimum distance from the exit entrances should be a minimum of one-third of the building area
diagonal for this building which is provided with automatic sprinklers, resulting in a required
remoteness of 14m. The distance between the exit doors is 10m, so these are not in compliance with
the international codes for new buildings. For existing buildings it is required that the exits are remote
from each other in such a way that one fire or other emergency cannot block both exits. It is deemed
that these two exits do not comply with this requirement. A detailed discussion on number of exits is
conducted in Section 5 of this report.
Moreover, the two exit stairs are of the scissor type. The local codes do not oppose to the use of
scissor type stairs as two separate exits, as long as these are isolated from each other for fire and
smoke effects. The international codes do not allow scissor stairs to be considered as two separate
exits for this purpose for new construction; however, for existing construction, these are accepted as
long as the following requirements are observed: stairs are enclosed, separated from each other by 2hour fire rated noncombustible construction with no openings. The scissor stairs at this building are
constructed of 2-hour fire rated concrete and masonry construction. There are no passages between
the two stairs, so the construction is considered to be in accordance with national and international
codes. A discussion on safety of scissor stairs is conducted in the Section 5 of this report to compare
international and local requirements regarding this item.

84

At the room level, the floors are basically subdivided in east and west sides separated by drywall each
one provided with one exit door to the exit access corridor at the elevator lobby. The local regulations
do not require more than one exit for these rooms. The international codes require a minimum of two
exits; however they allow that the exit access is provided with only one exit door as long as the
maximum allowed common path of travel is not exceeded. This specific analysis will be conducted
further in this section.
Car parking garages
There are no requirements in the local codes that this area be provided with more than one
emergency exit as long as exit capacity and travel distances are observed.
The LSC (NFPA 101/2015) requires that a minimum of two means of egress are provided in any case,
except where permitted by specific chapters. In the case of the car parking garage (storage
occupancy) of this building, the LSC allows that only one exit is provided as long as the capacity and
travel distances are complied with.
The car parking garage floors of this building are provided with two means of egress (two stairways)
located 37m apart (required one-third of the floors diagonal for this sprinklered building is 33m).
The number of exits is in compliance with local and international codes. Even though it is not required
by this analysis to have more than one means of egress, the two existing means of egress will be
justified when discussing the maximum travel distance in one of the following sections.
Theater
There are no requirements in the local codes that this area is provided with more than one emergency
exit as long as exit capacity and travel distances are observed. For assembly occupancies, the local
code requires two exits only where occupant load exceeds 300 people, which is not the case for this
theater.
The LSC (NFPA 101/2015) requires that a minimum of two means of egress are provided in any case,
except where permitted by specific occupancy chapters. In the case of the theater (assembly
occupancy) of this building, the LSC requires that the building is provided with a minimum of two
means of egress for an occupant load of 600 or fewer people, as is the case of this building. In
addition, a single exit can be provided to mezzanines (such as the balcony area of this theater), where
occupant loads does not exceed 50 people, and the exit is permitted to be through the floor below. The
second floor of this theater, where the dressing rooms are located, was treated as a residential
occupancy. For the second floor, it is permitted that only one exit is provided, as long as maximum
common path of travel is not exceeded.
The theater ground floor is a lobby provided with one exit to outdoors.
The theater first floor, where most of occupants are, have two exit doors, being one directly to an open
stairway outside the building and another one to a mezzanine that will lead to an open stairway
through the lobby in the ground floor and finally to outdoors. This exit through intervening
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lobby/corridor is considered acceptable per LSC. The two exit doors are located 4.7 m away from each
other, while the required would be one-third of the diagonal of the space for this sprinklered building,
which would be 6.7 m.
The theater balcony has two exits, being one of them directly to an external open stairway and another
one also through a mezzanine, then an open stairway to the lobby in the ground floor and finally to the
exit. The two exits are also 4.7m away from each other, less than the required 6.7 m to be considered
two separate exits; however only one exit is required in this case per international and local codes.
Finally, the second floor (dressing rooms) is provided with one exit stairway (enclosed) that leads to
the first floor, where most occupants are. The exit in this case is through the main first floor exits,
which is considered inadequate to be an exit through an intervening space, prohibited by the local and
international codes. Refer to Recommendations Section 5.1.
The local codes were noted to be significantly less stringent than the international codes especially for
the number of exits, but also for the required remoteness of multiple exits, which is discussed in the
Section 5 of this report.

3.5.4. Exit capacity
The sizing of the means of egress was evaluated per international and local regulations for each one
of the occupancies of the building as presented in this section.
Offices
In this office building, the 15 floors are served by the same enclosed and mechanically pressurized
scissor stairs (two stairways) and only one floor should be considered at each time for the calculations
as required per national and international codes. The offices areas west and east have one exit door
to the elevator lobby then to the stairways vestibule doors (a pressurized vestibule within two doors).
The stairways exit discharge is through two doors, one for each one of the scissor stairs. The following
are the existing dimensions of exits and exit access components:


Gross stairway width: 2 x 1.20m = 2.40 m



Available width - doors: 2 x 0.8 m = 1.60 m

The exit capacity was calculated based on the LSC (NFPA 101/2015) using 7.6mm/occupant capacity
for stairways and 5.1mm/occupant for doors and exit access. In addition to that, the exit capacity was
calculated per local codes (IT-11/2014) considering 75 occupants/unit of passage for stairways and
100 occupants/unit of passage for doors and exit access. Each unit of passage corresponds to 0.55m.
The minimum widths for stairways and doors in the LSC are respectively 1.12m and 0.81m while in
the local codes are respectively 1.20m and 0.80m.
The following results of available exit capacity were considered in series, taking the least value (Table
20). The west and east sides are symmetrical to the center axis of the building, resulting in the same
values:
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Table 20 - Exit capacity - Offices

Exit EAST
LSC (2015) / IT-11 (2014)
Office exit door
(0.8m)
156 / 100
Office exit door
(0.8m)
156 / 100

Stairway inlet
doors
(0.8m)
156 / 100

Stairway
(1.2m)

Stairway exit door
(0.8m)

EAST exit
capacity

157 / 75
Exit WEST

156 / 100

156 / 75

Stairway inlet
Stairway
Stairway exit door
doors
(1.2m)
(0.8m)
(0.8m)
156 / 100
157 / 75
156 / 100
Total exit capacity per floor
312 / 150

EAST exit
capacity
156 / 75

The office areas and floors are provided with adequate capacity per local and international codes. The
minimum exit widths are provided as required, with a minimum difference of 10mm from the door
widths from local and international codes that are not deemed to impact egress.
Car parking garages
In the car parking garages areas, the 5 floors are served by two enclosed and mechanically
pressurized stairways and only one floor should be considered at each time for the calculations as
required per local and international codes. The following are the existing dimensions of exits and exit
access components:


Gross stairway width: 2 x 1.20m = 2.40 m



Available width - doors: 2 x 0.80 m = 1.60 m

The exit capacity was calculated based on the LSC (NFPA 101/2015) using 7.6mm/occupant capacity
for stairways and 5.1mm/occupant for doors and exit access. In addition to that, the exit capacity was
calculated per local codes (IT-11/2014) considering 60 occupants/unit of passage for stairways and
100 occupants/unit of passage for doors and exit access. Each unit of passage corresponds to 0.55m.
The minimum widths for stairways and doors in the LSC are respectively 1.12m and 0.81m while in
the local codes are respectively 1.20m and 0.80m.
The following results of available exit capacity were considered in series, taking the least value (Table
21):
Table 21 - Exit capacity - car parking garage

Stairway inlet doors
(0.8m)
156 / 100

Exit 1
LSC (2015) / IT-11 (2014)
Stairway
Stairway exit door
(1.2m)
(0.8m)
157 / 60
156 / 100
Exit 2

Exit 1 capacity
156 / 60
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Stairway inlet doors
(0.8m)
156 / 100

Stairway
Stairway exit door
(1.2m)
(0.8m)
157 / 60
156 / 100
Total exit capacity per floor
312 / 120

Exit 2 capacity
156 / 60

The car parking garage floors are provided with adequate capacity per local and international codes.
The minimum exit widths are provided as required, with a minimum difference of 10mm from the door
widths from local and international codes that are not deemed to impact egress.
Theater
In this theater building, the three floors and balcony are served by exits through the lobby in the
ground level or directly outdoors through open exterior stairs and only one floor should be considered
at each time for the calculations as required per national and international codes, but with the following
exceptions: the balcony, where one of the exits is through the first main floor and lobby at the ground
level and the second floor, where the only exit is through the first floor and lobby at the ground level as
well, so the capacity should consider the first floor, part of the balcony and the second floor. The
theater building has the following exits and exit accesses, as well as dimensions:


Ground floor exit door: 1.65m



Open Stairways – 2 levels (balconyfirst floor and firstground floor): 1.20m



First (main) floor exits: 1 x 0.80m and 1 x 1.65m



Balcony exits: 1 x 0.80m and 1 x 1.65m



Exterior stairways – 2 levels (balconyfirst floor and firstground floor): 1.20m



Second floor exits: 1 x 0.8m



Second floor stairway (enclosed): 1.10m

The exit capacity was calculated based on the LSC (NFPA 101/2015) using 7.6mm/occupant capacity
for stairways and 5.1mm/occupant for doors and exit access. In addition to that, the exit capacity was
calculated per local codes (IT-11/2014) considering 75 occupants/unit of passage for stairways and
100 occupants/unit of passage for doors and exit access. Each unit of passage corresponds to 0.55m.
The minimum widths for stairways and doors in the LSC are respectively 1.12m and 0.81m while in
the local codes are respectively 1.20m and 0.80m, with the exception of the second floor due to
occupant load the stairway width can be reduced to 915mm and 800mm for international and local
codes respectively.
The following results of available exit capacity were considered in series, taking the least value (Table
22):
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Table 22 – Exit capacity - theater

First floor main exit route
LSC (2015) / IT-11 (2014)
Main exit door
(1.65m)
323 / 300

Open
stairways
(1.20m)
157 / 150

Ground floor
exit (1.65m)

-

323 / 300
First floor secondary exit route

-

Exit capacity

-

157 / 150

Exit capacity

Sec. exit door
(0.80m)

Exterior
stairways
(1.20m)

-

-

-

156 / 100

157 / 150

-

-

-

156 / 100

Total exit capacity – first (main) floor
313 / 250
Balcony main exit route
Main exit door
(1.65m)
323 / 300
Sec. exit door
(0.80m)
156 / 100

Second floor
exit (0.80m)
156 / 100

Open
stairways
(1.20m)
157 / 150
Exterior
stairways
(1.20m)
157 / 150

Ground floor
exit (1.65m)

-

323 / 300
Balcony secondary exit route
-

-

-

Exit capacity

-

157 / 150

-

Exit capacity

Total exit capacity – balcony
313 / 250
Second floor exit route
Second floor
Open
Main exit door
Ground floor
stairway
stairways
(1.65m)
exit (1.65m)
(1.10m)
(1.20m)
144 / 100
323 / 300
157 / 150
323 / 300
Total exit capacity – second floor
144 / 100

156 / 100

Exit capacity
144 / 100

The theater areas and floors are provided with adequate capacity per local and international codes.
The minimum exit widths are provided as required, with a minimum difference of 10mm from the door
widths from local and international codes that are not deemed to impact egress.
The main theater exit route, including the internal open stairway where there is convergence of people
from first floor, balcony and second floor, is capable of more than two-thirds of the total needed
capacity (required 156 people) so it complies with the international codes in this aspect. The local
codes do not have specific requirements for the main exit capacity (refer to Section 5 Conclusion).
Finally, it can be observed that the exit capacity in all building areas (offices, car parking and theatre),
when calculated as required by local codes, is significantly more stringent than when calculated by the
international codes. The reason for the local codes to be more conservative is related to updates in the
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international regulations happening in 1988 when the unit of exit width, which is still used by local
codes, was replaced by a method using smaller increments in width/occupant. This item is further
discussed in Section 5.

3.5.5. Exit access travel distance, common paths of travel and
dead-ends
The exit access travel distances and the dead ends were evaluated as follows. The distances were
measured by right angle paths to establish the longest possible distance of travel. The occupants are
considered to exit the area when reaching the enclosed and pressurized exit stairways for the offices
and car parking garage or the exit door for the theater.
The required maximum exit access travel distances were evaluated by international regulations LSC
2015 and by local regulations per Section 5.5.2 (IT-11/2014).
The international regulations provide increase in the allowable maximum access travel distance by the
provision of automatic sprinklers; while local codes increase this value based on: existence of more
than one exit, existence of a smoke control system, and existence of smoke alarms. All these features
exist in all three occupancies of this building.
Offices
The building office floors are symmetrical along the dividing wall between the west and east sides of
the building, with the exception of the internal layouts that will not be considered for this analysis as
explained before, therefore the travel distances from the west wing to the west exit door and the east
wing to the east exit door are the same, as below:


Offices - Maximum access travel distance for the existing building: 49.6 m



Offices – Maximum common path of travel for the existing building: 36.5 m



Offices – Maximum dead-end for the existing building: 7.8 m

The following requirements apply to the office existing sprinklered building:


Offices - Allowed maximum access travel distance (NFPA 101/2015): 91.0 m



Offices - Allowed maximum access travel distance (IT-11/2014): 78.8 m



Offices – Allowed maximum common paths of travel distance (NFPA 101/2015): 30.0m



Offices – Allowed maximum dead-end distance (NFPA 101/2015): 15m

NOTE: The local codes do not have maximum requirements for dead-ends or common paths of travel.
The exit travel distances are in accordance with international and local regulations. The requirements
for maximum common path of travel are not in compliance with international codes because there is
only one exit from each side of the offices floor, however there are no requirements for common paths
of travel in local codes (discussed in Conclusion, Section 5). Dead-ends are in accordance with the
requirements of international codes; there are no requirements in the local codes.
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In the local code requirements, the allowed maximum access travel distance for open office areas is
decreased by 30% to account for different possible internal layouts.
Car parking garage
The maximum existing and required exit access travel distance in the car parking garage floors are
given as follows:


Garage - Maximum access travel distance for the existing building: 83 m



Garage - Allowed maximum access travel distance (NFPA 101/2015): 122 m



Garage - Allowed maximum access travel distance (IT-11/2014): 195 m

The exit travel distance is in accordance with the local code and international codes. The allowed
distance by the local code is higher because it accounts for the positive features as described in the
beginning of this Section.
Common paths of travel and dead-ends do not exist in the open car parking garage floors with two
exits, so this analysis was not necessary. The building is obviously compliant.
Theater
The existing and required maximum exit access travel distances were evaluated at the theater
occupancy. The internal stairways leading to the exit were considered as part of the exit access since
they are opened. The measurement along stairways was made on a plane parallel and tangent to
the stair tread nosings in the center of the stair and landings.
The maximum exit access travel distance occurs from the second floor and was evaluated as follows:


Theater – Maximum access travel distance for the existing building: 66 m



Theater – Maximum common path of travel distance for the existing building: 25 m



Theater – Maximum dead-end distance: 20 m

The following requirements apply for this sprinklered theater:


Theater - Allowed maximum access travel distance (NFPA 101/2015): 76 m



Theater - Allowed maximum access travel distance (IT-11/2014): 82 m



Theater – Allowed maximum common path of travel distance (NFPA 101/2015): 23m for the
balcony under evaluation



Theater – Allowed maximum dead-end distance (NFPA 101/2015): 6.1 m

The theater maximum exit access travel distance is in accordance with local and international codes.
The theater is not in compliance with international code regarding common path of travel, but by a
small difference. There are no local requirements for such dimension.
The theater is not compliant with the international code regarding the dead-end, considering the
existing dead-end corridor in the first (main) floor that leads to the elevators, where there is no mean
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of egress, and that extends to a large length. The local codes have no requirements regarding deadends. This is further discussed in Conclusion, Section 5.

3.5.6. Emergency elevator
The emergency elevator is in accordance with the local code to be used by the fire department and
emergency brigade and is located in a dedicated shaft accessible through a pressurized smoke proof
vestibule that also is the access for the emergency stairways. The elevator goes through all floors
(offices and garages only, the theater is not accessible).
The emergency elevator as described above is required for business occupancies on buildings higher
than 60m or for underground floors higher than 12m (IT-11/2014).
The emergency elevator is installed in a smoke proof 120min TRRF shaft and supplied by emergency
generators as required by this code.
There are no requirements for emergency elevators on international codes.

3.5.7. Accessible means of egress
Even though the building occupancies are in accordance with local regulations to provide accessibility
to people with impaired mobility, accessible means of egress for fire safety are not required by local
regulations (IT-11/2014). The three occupancies evaluated in this building: offices, car parking garages
and theater are provided with accessibility for normal use of the building; however safe egress for
these people is not required by regulation. This is discussed in the conclusion section of this report.
Currently, the egress of mobility impaired people would have to rely on assistance from the emergency
brigade, professional firefighters at the building and fire department response.
Accessible means of egress would be required by the international codes (NFPA 101/2015) and (IBC
2012).

3.5.8. Egress illumination and marking
The emergency generators are capable of supplying 50% of lighting in the entire building, providing
illumination for egress in case of loss of main power supply, as well as power supply to emergency
equipment (stairway illumination, smoke management systems, emergency elevator, others). In
addition to that, the emergency exits signs are light emitting provided with individual power supplies in
case of lack of main power supply. Individual illumination units with individual power supplies are also
provided inside the enclosed emergency stairways.
The exit signs are located at all locations where there are changes of directions, at emergency
stairways and emergency exit doors. The egress illumination and marking in this building are
considered in accordance with local regulations (IT-20/2011).
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3.5.9. Interior finishes, contents and furnishings
The interior finishes, contents and furnishing materials were not fully evaluated throughout the building
considering the lack of information for each material and diversity of such materials, as well as the fact
that each office leased has its own installation as part of the responsibility of the tenant. For that
purpose, it has been recommended that the building administration is part of the project review
process while new tenants are installing materials so that fire safety is ensured. The requirements that
apply to the occupancies of this building were described in this section.
The following requirements (Table 23) apply to interior wall and ceiling finishes (NFPA 101/2015):
Table 23 – Interior finish classifications limitations for sprinklered building (LSC)

Occupancy
Assembly – existing
< 300 occupant load
Business – existing
Storage

Exit
B

Exit access
A, B or C

Others
A, B or C

A, B or C
A, B or C

A, B or C
A, B or C

A, B or C
A, B or C

NOTE: The table has been edited from its original format to reduce the requirements based on the
existence of automatic sprinklers per item 10.2.8.1 of the LSC. The existence of automatic
sprinklers significantly reduces the requirements for interior wall and ceiling finishes.
The classifications are based on the standard tests of ASTM E84 Standard Test Method for Surface
Burning Characteristics of Building Materials or ANSI/UL 723 Standard for Test for Surface Burning
Characteristics of Building Materials.
The following requirements apply to floor finishes (NFPA 101/2015).
Interior floor finishes should be classified based on test results from NFPA 253, Standard Method of
Test for Critical Radiant Flux of Floor Covering Systems Using a Radiant Heat Energy Source, or
ASTM E 648, Standard Test Method for Critical Radiant Flux of Floor Covering Systems Using a
Radiant Heat Energy Source.
Carpet and carpetlike interior floor finishes shall comply with ASTM D 2859, Standard Test Method for
Ignition Characteristics of Finished Textile Floor Covering Materials.
Regarding furnishings and contents, the following requirements apply:
Draperies, curtains, and other similar loosely hanging furnishings and decorations shall meet the flame
propagation performance criteria contained in Test Method 1 or Test Method 2, as appropriate, of
NFPA 701, Standard Methods of Fire Tests for Flame Propagation of Textiles and Films.
The following specific requirements are driven by occupancy:
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Offices
Interior floor finishes should be classified as class I or II for the offices areas; however due to the
existence of automatic sprinklers, it is acceptable that a floor finish with a minimum critical radiant flux
of 0.1W/cm², except carpets that should be in accordance with the specific test standard listed above.
Upholstered furniture and mattresses regulations do not apply for this occupancy.
Car parking garages
Interior floor finishes should be classified as class I or II for the car parking areas; however due to the
existence of automatic sprinklers, it is acceptable that a floor finish with a minimum critical radiant flux
of 0.1W/cm², except carpets that should be in accordance with the specific test standard listed above.
Upholstered furniture and mattresses regulations do not apply for this occupancy.
Theater
Interior floor finishes should be classified as class I or II for the theater areas; however due to the
existence of automatic sprinklers, it is acceptable that a floor finish with a minimum critical radiant flux
of 0.1W/cm², except carpets that should be in accordance with the specific test standard listed above.
Newly introduced upholstered furniture, should be resistant to a cigarette ignition (i.e., smoldering) in
accordance with one of the following:


The components of the upholstered furniture shall meet the requirements for Class I when
tested in accordance with NFPA 260, Standard Methods of Tests and Classification System for
Cigarette Ignition Resistance of Components of Upholstered Furniture.



Mocked-up composites of the upholstered furniture shall have a char length not exceeding 1½
in. (38 mm) when tested in accordance with NFPA 261, Standard Method of Test for
Determining Resistance of Mock-Up Upholstered Furniture Material Assemblies to Ignition by
Smoldering Cigarettes.

Exposed foamed plastic materials and unprotected materials containing foamed plastic used for
decorative purposes or stage scenery shall have a heat release rate not exceeding 100 kW where
tested in accordance with: UL 1975, Standard for Fire Tests for Foamed Plastics Used for Decorative
Purposes or NFPA 289 Standard Method of Fire Test for Individual Fuel Packages.

3.5.10.

Summary – Egress analysis

The means of egress have been evaluated in accordance with prescriptive requirements of the
reference standards.
The means of egress are considered to be compliant with the local regulations and standards, with the
exception of the second floor of the Theater that should not exit through an intervening space as
required by local and international standards.
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The international regulations are substantially different from local regulations on means of egress, so
the existing building is not compliant especially with regards to: number and arrangement of exits,
common paths of travel, dead-ends and accessible means of egress requirements. The most
important item reducing the safety of the means of egress is the possibility that the office floors doors
(two exits) may be obstructed by a single fire in the lobby or reception areas when layout has been
modified by the tenant. The modifications introduced by the tenants should be carefully evaluated
since they will impact the means of egress for the occupants.
Finally, it has been observed that the local regulations are significantly more conservative when
considering the exit capacity, which is considered to be a positive factor.
Recommendations and further comments are provided in Section 5, Conclusion of this report.
The evaluation of means of egress was the final section on prescriptive based design. Following, the
performance based design analysis is presented in the next section.
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4. Performance Based Design
A performance-based design analysis has been conducted in accordance with international fire
protection standards (NFPA 101/2015). There are currently no performance based design technical
standards for fire safety in Brazil, so a comparison between the standards was not applicable in this
section.

4.1. Fire scenarios
The fire scenarios have been developed in accordance with the guidelines provided in Chapter 5.5
(NFPA 101/2015) which recommends the selection of fire scenarios described in Section 5.5.3 –
Required Design Fire Scenarios and specific more challenging scenarios based on the evaluation
conducted per Section 5.5.2 – Evaluation. The resulting scenarios are presented on Table 24 – Fire
Scenarios. Not all scenarios from the standard have been considered since some of them were
deemed not applicable to the building under evaluation.
The scenarios in red are considered to be the most relevant for this analysis and were the ones
chosen for the performance based design evaluation of this project. Note that these scenarios were
chosen for an academic purpose only; however in a performance based design a comprehensive
analysis of multiple scenarios should be developed.
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Table 24 – Fire Scenarios

Offices – typical floor

Offices – integrated floor

Typical scenarios
- Fire started by short circuit involving
a working station in the open office
Ref.: 5.5.3.1

- Fire started by short circuit involving
a working station in the open office
Ref.: 5.5.3.1

High challenge scenarios
- A gasoline fire at the doorway
(arson ultra-fast growing) assuming
the door is opened.
Ref.: 5.5.3.2
- A gasoline fire at the doorway
(arson ultra-fast growing) assuming
the door is opened.
Ref.: 5.5.3.2

- Fire started in a meeting room at
the reception area with door opened
to the egress path corridor.
Ref.: 5.5.3.2
Car parking garage

Theater

- Fire started at the engine involving
a medium sized vehicle
Ref.: 5.5.3.1
- Fire started at the power generators
st
room (1 floor) with door opened to
main area.
Ref.: 5.5.3.2
- Fire starting at the stage due to
short circuit in electrical systems
involving the stage
Ref.: 5.5.3.1/5.5.3.6
- Fire started at a dressing room on
the first floor corridor with the door
opened.
Ref.: 5.5.3.2

Special problem scenarios
- Typical fire with failure of automatic
sprinklers
- Typical fire with failure of smoke
extraction system
- Typical fire (meeting room) with
failure of the automatic sprinklers
(flashover)
- Typical fire (meeting room) with
failure of smoke extraction system

- A gasoline fire at the main exit
stairways (arson ultra-fast growing).
Occupants will be forced to use the
alternate stairway.
Ref.: 5.5.3.2

- Typical fire (vehicle) with failure of
automatic sprinklers

- A gasoline fire
of the theater –
fast growing).
forced to use
door.
Ref.: 5.5.3.2

- Typical fire (stage) with failure of the
automatic sprinklers

at the main exit door
st
1 floor (arson ultraOccupants will be
the alternative exit

- Typical fire (vehicle) with failure of
smoke extraction system

- Typical fire (stage) with failure of the
smoke extraction system
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Offices
The fire scenarios for the offices occupancies were based on the following figures (SFPE, 2015) from
research developed for modern office workstations using a group of four workstations. Each test was
started by a polypropylene wastebasket filled with 0.2 kg of paper. The wastebasket, by itself, was
found to show a peak HRR of 50–60 kW. The desks were of modern metal-frame construction, with
plastic trim parts. In addition, the workstations contained small filing cabinets, telephones, chairs,
computers, and a modest amount of office paper. The HRR results (repetitions of the same
configuration test) were fit to a t-squared fire with a fire growth coefficient in accordance with
experiments results (α=0.012 kW/s² deducted initial ignition period – within the range of medium
growing fires). The results are presented below (Figure 42 and Figure 43):

Figure 42 - HRR of four-unit workstations tested at NRIFD (SFPE Hb figure 26.70)
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Figure 43 – HRR (kW) x time (s) for the four office workstations fire fit to a t-squared curve (α=0.012 kW/s²)

The curve represents the fire without actuation of automatic sprinklers. When the scenario includes
automatic sprinkler actuation, the heat release rate at the time of the actuation is considered to be
held constant (fire control assumption) from the time of the actuation and forward. The time of the
automatic sprinkler actuation was obtained using the FDS model under the actual ventilation flows and
conditions of the simulated fire (refer to Automatic sprinkler activation times in this section).
Theater
The fire scenarios for the Theater building were based on a study on stage fires in theaters (The Fire
Protection Research Foundation, 2009).
The selected fire was based on a fast-growing fire (α=0.0469 kW/s²). The results are presented below
(Figure 44):
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Figure 44 - HRR (kW) x time (s) for the theater fit to a t-squared curve (α=0.0469 kW/s²)

The curve represents the fire without actuation of automatic sprinklers. When the scenario includes
automatic sprinkler actuation, the heat release rate at the time of the actuation is considered to be
held constant (fire control assumption) from the time of the actuation and forward. The time of the
automatic sprinkler actuation was obtained using the FDS model under the actual ventilation flows and
conditions of the simulated fire (refer to Automatic sprinkler activation times in this section).
Automatic sprinkler activation times
The automatic sprinkler characteristics were obtained on equipment data-sheets and a research
developed for measurements of RTI specifically for recessed sprinklers (Madrzykowski, 1993). The
following sprinkler characteristics were used in the simulations:


Temperature: 74ºC



Concealed sprinklers RTI (fusible link): 150 (



Standard sprinklers RTI (bulb): 150 (

∙ ) (standard response sprinkler)

∙ ) (standard response sprinkler)

NOTE: The sprinklers included in the simulations are exclusively link type elements that do not
introduce water in the simulation. The sprinklers were added to determine the time of sprinkler
activation, when fire is expected to be controlled to a constant heat release rate.
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Smoke detection activation times
The smoke detection was input into the simulation in accordance with the design and data-sheet
information as follows:


Photoelectric type (Cleary model)



Obscuration threshold: 3,3%/m

The smoke detectors were used in the logic to activate the smoke extraction system and open makeup air vents.
Soot and CO yields
The soot and CO yields were based on a report for selection of design fires in performance based
design (Lund University, 2010), as described in Table 25.
Table 25 – Yield of species

OCCUPANCY

Yield of species [kg/kg]
YCO

Ysoot

Offices, schools, hotels and
nursing homes, etc

0.01

0.03

Dwellings, shopping centers,
entertainment centers

0.02

0.06

The values of the first line of the table were considered for the offices, while the second line was
considered for the theater occupancy.
Smoke management systems
Mechanical smoke extraction is provided on the offices and theater occupancies at this building,
actuated by smoke detection. These systems were considered as part of the simulation considering
their design flow and locations of exhaust vents. The following values were used for the simulations.


Offices: 16.000 m³/h in each one of the building sides (west/east) or integrated (sum of flows).



Theater: 88.000 m³/h

NOTE: The design exhaust flows have been divided equally amongst exhaust vents in the occupancy.
For more information on smoke management systems, refer to 0 The fire suppression systems have
been evaluated in accordance with prescriptive requirements of the reference standards.
The automatic sprinkler systems have been considered compliant with both local and international
regulations and technical standards.
The standpipes installations are considered in part to be of lower flow and pressure than it would be
required per current local regulations; however this may be a result of the update of the regulations in
2012. The standpipes design is much lower in flow and pressure than what would be required by
international regulations and standards and for fighting a developed post flashover fire. A few
modifications of the piping connections could increase the flow and pressure to that required by
101

current local standards . Increase to meet international standards is likely technically not feasible for
the existing construction.
The water supplies are compliant with local standards; being of reduced volume when compared to
what would be required by international standards for the standpipe flow and duration as discussed
above. An important aspect to be discussed is the absence in local codes and standards of a
dedicated technical standard for fire pumps and fire pump house equipment, as well as requirements
for certification of water supply equipment. Therefore, the installed water supplies are not compliant
with the international standards, resulting in a reduced reliability when these regulations are
considered as a reference.
Recommendations and comments are presented in Section 5, Conclusion of this report.
Following the evaluation of fire suppression systems, an evaluation of the smoke management
systems by prescriptive requirements has been conducted and is presented in the next section.
Smoke management systems.

4.2. Egress analysis
An egress analysis has also been developed using performance based design for the three
occupancies as reported in this chapter.
The following features are present in all occupancies and all areas that are evaluated for this building
and have been considered to be fully functional in this evaluation:


Smoke detection



Fire alarms



Automatic sprinklers



Smoke exhaust



Pressurized stairways (except at the theater)



Light emitting signs



Staff 24h/7 with professional firefighter

These features have been considered to be adequately designed and fully operational for the
evaluation of scenarios, however the adequacy of such systems will be investigated further in the
specific sections of this report regarding each one of these systems. Deficiencies in these systems, if
they exist per specific chapter, may influence the Available Safe Egress Time and should be corrected
for this evaluation to be valid.
The LSC (NFPA 101/2015) determines that one of the following methods should be taken as
performance criteria for this performance based design.
Method 1 – The design team can set detailed performance criteria that ensure that occupants are not
incapacitated by fire effects.
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Method 2 – For each design fire scenario and the design specifications, conditions and assumptions,
the design team can demonstrate that each room or area will be fully evacuated before the smoke and
toxic gas layer in that room descends to a level lower than 1.83m above the floor.
Method 3 – For each design fire scenario and the design specifications and assumptions, the design
team can demonstrate that smoke and toxic gas layer will not descend to a level lower than 1.83m
above the floor in any occupied room.
Method 4 – For each design fire scenario and the design specifications and assumptions, the design
team can demonstrate that no fire effects will reach any occupied room.
The appropriate method will be chosen based on the results of fire simulations.
The design will be considered to meet the design requirements if the following equation is met:

4.2.1. Analysis of RSET

>

∗

The Required Safe Egress Time (RSET) was calculated by the sum of its components as shown in the
Figure 45 below:

Figure 45 – RSET components

4.2.2. Detection/alarm and pre-movement times
All occupancies of this building (offices, car parking garages and theater) are provided with smoke
detection and alarms. The actuation of alarm notification appliances were determined by the use of the
FDS software simulations (activation of smoke detection). The alarm was estimated to happen 15
seconds after detector activation times obtained by FDS simulations. When the fire is expected to be
directly visible by the occupants, the alarm time has been omitted from the RSET, but still premovement times will account for delay in egress initiation. For the resulting RSET values, refer to
Section 4.2.7 Summary Results – Analysis of ASET versus RSET.
The pre-movement times are estimated based on the occupants’ characteristics as follows.
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The occupants’ characteristics were determined for each one of the three occupancies separately
considering that it will likely be different for each one of these areas. In addition to that, the premovement times were also estimated in this section (SFPE Handbook 5th ed).
NOTE: The occupants of this building may include people with disabilities, considering the
occupancies are adapted for these occupants; however, due to the specifics required for the egress of
disabled people, this was evaluated separately in a specific section of this report using prescriptive
approach.
Offices
The occupants of these areas are generally employees of the companies leasing the building, so with
a few exceptions of visitors, the occupants are in general familiar with the building and egress routes.
In addition to that, the building itself have no complexity, being the exit obvious to those entering the
office areas, considering each office in general have only one exit which is also the entrance. The
occupants are composed of adults that will be awake and alert and generally in good physical
conditions. Family grouping is not expected. Training and drills cannot be verified to have been
adequately conducted, so conservatively people were considered not trained.
Car parking garage
The car parking garage was considered to have both the other occupancy occupants (office and
theater), since any person entering these occupancies may park their car in this area. Therefore, the
most conservative premises based on each of the two other occupancies were considered.
Theater
The occupants of the theater area were considered conservatively to be composed of any person from
the general public, considering it is not possible to determine a specific public for each event. The
occupants may be familiar or unfamiliar with the building and egress routes; however the building
offers minimum complexity, being the main exit the main entrance, through which people enter this
area, with other exits visible from any place and to any occupant of the assembly areas. The
occupants will generally be composed of adults that will be awake and alert and generally in good
physical conditions. Family grouping is possible, however this is not considered to increase the premovement times since people will be located in the same area and most likely near each other. People
are considered not trained since they may be first time visitors; however egress is assisted by
professional firefighters and the site emergency brigade which will likely reduce the pre-movement
times.
Conclusion – Pre-movement times
Therefore, the pre-movement time was estimated based on SFPE guidelines, using building
characteristics that are more closely approximated to the rating W2: nondirective voice messages
(prerecorded) and/or informative warning visual display with trained staff; the occupancy type was
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based on offices, commercial and industrial buildings, schools, colleges and universities (occupants
awake and familiar with the building, the alarm system, and evacuation procedure).
∆

= 180

However, for scenarios where occupants are within the fire area and will be quickly in contact with
visual signs of the fire, the pre-movement time has been reduced to:
∆

= 60

A separate analysis was conducted to the Theater considering its specific characteristics based on a
similar occupancy engineering data collected and presented in Table 64.11 (SFPE Handbook 5th ed)
for a fire on the stage area:

4.2.3. Movement times

∆

= 40

The movement times were calculated by hand methods. The results are presented as follows.
The hand calculations were based on the empirical correlations by Pauls, J. L. and Fruin. J. J. and
also in the Hydraulic Model of Egress (SFPE Handbook 5th ed) as described below.
NOTE: The empirical correlations were used only for estimate of the full evacuation of the buildings,
since it was not developed to estimate the times needed to evacuate each individual floor to a
protected stairway.
The empirical correlations are described as follow (Figure 46):

Figure 46 – Predicted and observed total evacuation times for tall office buildings
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The hydraulic model is described as follows:
=
Where:

∗

= /

Fc – Flow of people (people/minute)
Fs – Specific flow (people/minute/effective width)
We – Effective width
NOTE: For effective width of stairways and corridors/exit doors, a deduction of 6” has been considered
on both sides (SFPE Handbook 5th ed).
P – Number of occupants
tmov – Movement time
The following maximum specific flow coefficients (Table 26) were used for this evaluation (SFPE
Handbook 5th ed):
Table 26 – Maximum specific flow coefficients

Exit route element

Maximum specific flow (persons/min/ft of
effective width)
24.0
18.5

Corridor, aisle, ramp, doorway
Stairs (178mm riser / 279mm tread)
Offices

The hand calculations using the Hydraulic method are presented below.
The fifteen office floors are occupied each one by 110 people/floor and a total of 1650 people. The
office stairway exits are independent from other occupancies and there are two stairways. The flow is
limited by the stairways exit doors (2 x 0.80m = 1.60m = 63”). The effective width is considered by
subtracting 12” (6” on each side) for each door, so a total of 24” is deducted, resulting in a net width of
39” (3.25ft or 0.99m).
= 24.0 ∗ 3.25 = 78
=

1650
= 21.2
78

/
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The occupants are considered to have exited the building once the pressurized stairs are reached, so
the calculation was also conducted for the egress of only one floor as shown below. The flow is limited
by the two stairways entrance doors with the same net width as calculated above (3.25ft or 0.99m).
The flow rate is the same as the previous calculations, so:
=

110
= 1.4
78

= 85

For only one door accessible for an integrated floor, the movement time is calculated as:
= 170

The hand calculations using the Pauls/Fruin method is presented as follows:
= 1667

= 0.70 + 0.0133 ∗ (1667) = 22.9

The results of both methods are compatible with each other.
Car parking garages

The hand calculations using the Hydraulic method is presented below.
The five car parking floors are occupied each one by 97 people/floor and a total of 485 people. The car
parking garage stairway exits are independent from other occupancies and there are two stairways.
The flow is limited by the stairways exit doors (2 x 0.80m = 1.60m = 63”). The effective width is
considered by subtracting 12” (6” on each side) for each door, so a total of 24” is deducted, resulting in
a net width of 39” (3.25ft or 0.99m).
= 24.0 ∗ 3.25 = 78
=

485
= 6.2
78

/

The occupants are considered to have exited the building once the pressurized stairs are reached, so
the calculation was also conducted for the egress of only one floor as shown below. The flow is limited
by the two stairways entrance doors with the same net width as calculated above (3.25ft or 0.99m).
The flow rate is the same as the previous calculations, so:
=

97
= 1.24
78

= 75

The hand calculations using the Pauls/Fruin method is presented as follows.
= 490

= 0.70 + 0.0133 ∗ (490) = 7.7
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The results of both methods are compatible with each other.
Theater
The hand calculations using the Hydraulic method are presented below.
The theater is occupied by 156 occupants that are estimated to exit the main exit, that is, two thirds of
the occupants of the first, balcony and second floors (2/3*180+43+11). Both the stairway and the exit
were evaluated to determine which of them would limit the flow rate.
The open stairway is 1.2m wide, with an effective width of 35” (2.92 ft).
The exit door is 1.65m wide, with an effective width of 53” (4.42 ft).
The flow through the stairways can be calculated as follows:
= 18.5 ∗ 2.92 = 54

/

= 24.0 ∗ 4.42 = 106

/

The flow through the exit door can be calculated as follows:

As a conclusion, the flow is limited by the open stairways.
=

156
= 2.9
54

= 174

4.2.4. Computer simulation of RSET
A computer simulation has been run using the software Pathfinder from Thunderhead engineering.
The simulation was conducted with the Theater occupancy only, where the concentration of people
and complexity of the geometry is higher. The other occupancies (offices and car parking garages) will
have movement times that are not significantly high, so the hand calculations were deemed to be
satisfactory for those areas.
The simulation results are discussed in detail on 7.1 Appendix 1 – Pathfinder results (Theater). The
movement time calculated for full egress of the Theater areas was calculated by the software as
follows:
= 132

= 40

The calculation conducted by the software is similar to that obtained by hand calculations (within 25%
margin). For a conservative approach, the higher value will be used (hand calculations).
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4.2.5. Total required safe egress time
As a result, the total required safe egress time (RSET) will be as follows. The value of 1.5 for safety
factor will be adopted in general. For the resulting RSET values, refer to Section 4.2.7 Summary
Results – Analysis of ASET versus RSET.
> (∆

+∆

+∆

)∗

4.2.6. Tenability performance criteria

The tenability limits to safe egress of occupants can be defined by exposure thresholds that cause
incapacitation, serious injuries or ineffective evacuation movement by one of the following (Figure 47):


Exposure to excessive heat



Exposure to toxic gases



Lack of visibility to find exits

Figure 47 – Hazards of Building Fire

The occupants of the building in all three occupancies (offices, car parking garages and theater) can
be assumed to be composed of adults in good health conditions as stated previously. The hazards are
evaluated at 1.8 m above the floor considering the height of an adult. This is a slight change from what
is recommended from the reference document discussed as follows (2.0m).
The reference tenability criteria has been obtained by a Practice Note for Tenability Criteria in Building
fires (Society of Fire Safety Engineers Australia - NSW Chapter, 2014) and the reference was used
based on exposures less than 10 minutes, which is the case for all occupancies and analysis that are
being conducted in this building.
The visibility will be evaluated considering all occupancies treated for this building are mainly large
open areas, so that a 10m visibility limit is considered adequate to not reduce walking speed in irritant
or non-irritant smoke conditions. The visibility will be based on light emitting signs as is the case of this
building. However, when occupants must go through the elevator hall only to access the stairways, the

109

distance to be overcome does not exceed 6m and therefore a reduced threshold for visibility has been
used equal to 6m.
As a summary, for this building, where occupants are expected to be in good health conditions, the
following thresholds will be used (Figure 48). The calculations are discussed in the following sections.

Figure 48 – Tenability criteria

4.2.7. Summary Results – Analysis of ASET versus RSET
The available safe egress time (ASET) has been evaluated for several different scenarios by CFD
simulations using Pyrosim/FDS software by Thunderhead Engineering and the summary results and
conclusions are presented in this section. The detailed information on simulation input file, parameters,
graphics and all detailed numeric results have been included on 7.4 Appendix 4 – Pyrosim/FDS
simulation details.
The following Table 27 presents the main parameters and scenarios that have been simulated and the
results of each scenario.
The performance based design shows that the building is adequate for the scenarios of the typical
office floor and the theater as they are existing (Scenarios #1 and #6). The customized layout of the
office floor denominated integrated floor showed that the building is adequate in case of a fire in the
open office areas (scenario #2); however a fire in the reception area may result in the exits being
blocked by smoke and quick loss of visibility criteria (scenario #3). A proposal of altering the smoke
management system so that it is adequate to the modified floor layout is presented, being simulated
with successful results in scenarios #4 and #5.
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Table 27 – Results of Pyrosim simulations RSET x ASET in existing and proposed scenarios

#

1

Location

Office

Condition

Existing

Soot y.

CO y.

Spk

HRR (t-sq.)

Exhaust

RSET +

ASET

(kg/kg)

(kg/kg)

act.

α (kW/s²)

flow

MoS (1.5)

(s)

(s)

Max.(kW)

(m³/h)

(s)

218

0.012

16,000

218

>255

Pass

-

0.012

32,000

345

>388

Pass

-

690

(16,000

270

107

Fail

-

0.03

0.01

Typical floor
2

Office

Existing

0.03

0.01

240

Main area
Office

Existing

0.03

0.01

225

0.012

32,000

608

(16,000

Reception
Office

existing
situation?

per side)

Integrated floor

4

Changes from

570

Integrated floor

3

Pass?

Visib.

per side)
Proposed

0.03

0.01

>280

Integrated floor

0.012

56,000

941

(28,000

Reception

273

255

Pass

Change in smoke
management

per zone)

zones
Acceptable MoS
= 1.4

5

Office

Proposed

0.03

0.01

251

Integrated floor

0.012

56,000

756

(28,000

Conf. room
6

Theater
Stage

485

>485

Pass

management

per zone)
Existing

0.06

0.02

246

0.047
2,838

88,000

Change in smoke

zones
321 main

>370

120 mez.

140

Pass

-
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5. Conclusion
The conclusions of this project were subdivided in two items. The first item aim to present
recommendations to the building owner and/or administration regarding fire protection features of the
analyzed building.
A second topic is also included in the conclusions section referring to a comparison that was
developed between the requirements of the fire protection codes and standards used in Brazil to those
used internationally in the context of this building characteristics, mainly those used as reference in
this course (based mostly on regulations used in the United States).

5.1. Recommendations
5.1.1. Structural fire protection
The building under study is constructed of robust reinforced concrete structures that have great
changes of withstanding severe fire scenarios, as well as have substantial protection against vertical
fire spread and the building was shown to be compliant with the requirements established by the local
and international standards based on the information obtained from the presented fire design.
NOTE: Part of a more in depth analysis could not be developed considering lack of information on the
car parking garage columns dimensions and fire resistance time design, as well as the covering
thickness over reinforcing steel of all concrete structures. For more details on the limitations of this
analysis refer to Section 3.1 Structural fire protection.

5.1.2. Fire detection and alarms
The building under study is provided with fire detection and alarms in all areas and was shown to be
mostly compliant with the requirements established by the local and international standards, based on
the extent of information that was made available of the fire systems design. The following main
comments can be provided on these systems:


The horn/strobe alarm devices do not comply with the visibility requirements (quantity and light
emission) in all occupancies per NFPA 72, even if the maximum adjustable level of illumination
is set on every strobe, based on the maximum illumination capacity of the model and number
of strobes in each area. There are also shadowed areas where the strobe light would not be
visible. The local standards have no detailed technical guidance on spacing and location of
strobes, so the manufacturer instructions and international regulations should be considered.
The illumination setting of each strobe (candela - field adjustable) was not informed in the
project.



It could not be verified if smoke detectors are installed at the roof level of the theater (not
shown on smoke detection system drawings). Smoke detectors at the roof level are necessary
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to provide adequate spacing (critical for detection time activation) and to properly activate the
smoke exhaust system in case of fire on the stage area or within the center of the room. Only
smoke detectors at the mezzanine (above and below) could be observed on the project
drawings, which would not activate in case of a fire on stage, for instance.

5.1.3. Fire suppression systems
The building is provided with automatic sprinklers in all areas, which is a significant positive factor to
control a fire in its early stages and prevent life and property losses. The automatic sprinkler systems
were considered to have adequate water supply and design. Standpipes for hose connections are also
available to fight a fire in all floors by the fire brigade or fire department.
NOTE: The analysis was based on partial information of automatic sprinkler systems. Hydraulic
calculations were not made available, but estimated with assumptions made.
The following main comments would apply to the fire suppression systems:


The residual pressure of the standpipe systems above 12th floor (gravity systems) are not
compliant with current local codes, even though this code was revised after the building was
designed, when this requirement was increased. The actual flow and pressure requirements
for a well-developed fire are known to be well above the existing characteristics of the system;
therefore it would be recommended that the standpipes are retrofit to current local codes at
least. This would require the pipes to be reconnected in a manner that more upper floors are
fed by the pumped system.



The automatic sprinkler heads are of the standard response type; however the international
standards, as well as the local standards (since 2014), recommend quick-response sprinklers
for life safety reasons. The quick-response sprinklers act more quickly when the fire is still
small, providing more time available for safe egress of occupants. This requirement was
included in the local regulations, but after the building was constructed. As a recommendation,
when new tenants enter the building or during retrofit works the automatic sprinklers may be
replaced by quick-response heads to increase life safety.

5.1.4. Smoke management systems
The building is provided with mechanical smoke management systems for the pressurized stairways,
as well as for the theater, car parking garages and all office floors. The installation of mechanical
smoke exhaust systems exceeds what is required by international regulations, being a positive factor
contributing to life safety. A preliminary analysis of the systems flows have shown them to be
adequately designed for the occupancies.
NOTE: The analysis was based on partial information of smoke exhaust and pressurization systems.
Calculations were not made available, but estimated with assumptions made.
A few comments apply to the installation of these systems.
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The smoke management systems are greatly impacted by layout changes by tenants as could be
observed in the performance based design, which can result in these systems not being effective as
proposed for mainly two reasons: the intake smoke exhaust vents are distributed amongst different
volumes isolated by subdivisions, reducing the flow available to remove smoke from the fire area or;
make-up air is not available at the volumes isolated by subdivisions. The following general comments
would apply for this case:


All building layout changes by tenants should be evaluated by a smoke management systems
designer to ensure adequate smoke exhaust flow and make-up air are available to all
enclosed volumes. If necessary, additional make-up air vents should be created (automatic
opening doors, for instance) to ensure all volumes are provided with adequate make-up air
and/or the areas attended by each one of the two smoke exhaust systems (east/west) should
be redesigned.



Make-up air should be provided to the theater by the installation of automatically opening
doors actuated before the smoke exhaust system is activated. This is included in the design,
however the existing doors are mechanical and not automatically opening, as required by local
and international standards.

5.1.5. Egress analysis
The building was shown to be compliant with the local regulations; however the international
regulations have in general more requirements in some of the aspects. These differences will be
discussed in the section that follows, being that this recommendations section will only provide
comments on compliance to local regulations.
The following main comments apply to the means of egress.


The internal layout of the offices is designed by the occupant (tenant) in each floor, usually by
open office desks, office rooms and meeting rooms. The individual internal layouts were
mostly not considered in this analysis, although they may have impact on the overall egress
capabilities. It is recommended that each new tenant project is evaluated by the building
th

administration for fire safety. For one specific internal layout evaluated (15 floor), it has been
observed that the two emergency exits may be obstructed by one single fire in the reception
area, where there is significant combustible loading to generate a fire that will quickly fill this
space with smoke and hot gases, being the main risk observed in this building, since the two
exits will be blocked for all occupants in the floor in such scenario. Even though the local
codes are not clear in requiring that a fire event does not block both exits, this is clearly stated
in international regulations and is a critical aspect for safety of occupants. It is a challenging
aspect of this building that it is constructed with a side core; however a layout study (internal
subdivisions and fire rated if necessary) should be conducted so that the two exits are not
blocked by a single fire event. In the most typical layout where the two exits are connected
through the elevator lobby with no combustible contents, the hazard still exists from an arson
scenario; however it is reduced due to lack of combustible contents in this area.
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The emergency exit stairway from the theater second floor, where the dressing rooms are
located, discharges inside the theater area in a way that the egress is through an intervening
space. This increases the hazard of people getting trapped at the second floor if a fire
develops quickly in the theater area. The exit through an intervening space is not allowed by
the code. It is recommended that a direct exit to outdoors is provided to the theater second
floor.

NOTE 1: The interior finishes, contents and furnishing materials were not fully evaluated throughout
the building considering the lack of information for each material and diversity of such materials, as
well as the fact that each office leased has its own installation as part of the responsibility of the
tenant. For that purpose, it is recommended that the building administration is part of the project
review process while new tenants are installing interior finishing materials, furnishings and furniture so
that fire safety is ensured. The requirements that apply to the occupancies of this building were
described in this report, based on international regulations.
NOTE 2: The building has not been designed for the means of egress to be accessible to mobility
impaired people, since this is not required by local regulations. Therefore, in case of fire, the elevators
will not be accessible to the general public for safety reasons and the emergency response team
should be aware that the egress of mobility impaired people will need to be assisted by them. The
emergency elevator is only accessible to the emergency responders and could be used for this matter.
International regulations require that areas of refugee are provided for mobility impaired people that
have no access to the emergency stairways, but for this existing building this improvement may not be
technically feasible.

5.1.6. Inspection, testing and maintenance
The local codes do not have detailed requirements referring to inspection, testing and maintenance of
the diverse systems provided for the building (fire suppression, smoke control, fire alarms, etc). It was
not the objective of this project to review inspection, testing and maintenance documentation;
however, it is recommended that these systems are periodically inspected, tested and maintained in
accordance with the international standards referenced in this report and equipment manufacturer
instructions. This recommendation is critical for the correct operation of these systems during a fire.

5.2. Local and international standards
5.2.1. Structural fire protection
The local codes and standards used for this analysis are the ones developed by the São Paulo State
Fire Department and the Brazilian Association for Technical Standards (ABNT). The international
standards used for the analysis are mostly the ones used in the United States, being the main
reference the 2012 International Building Code. For additional information on references consult the
specific section.
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Taking into consideration the prescriptive structural fire design, the local and international fire
regulations were found not to have significant differences in allowable building areas, heights, fire
resistance of building elements, etc. Even though the codes are structurally different from each other,
no significant differences that would greatly alter the fire safety were observed, with one exception that
is discussed below.
The main difference found between the codes is that the IBC 2012 will accept automatic sprinklers as
a factor to eliminate the need for spandrel girders or other similar provisions to avoid fire spread
vertically from floor to floor through the breakage of the glass windows in glazed façades of high-rise
buildings while the local code will not allow installation sprinklers in lieu for this requirement, even
though the local code lacks clarity on the required fire resistance time for the glass windows in
buildings that do not have spandrel girders of the required size and also further investigation would be
needed to evaluate if the requirements are sufficient to avoid post flash-over fires from spreading
vertically between floors.
Severe fire events in high rises in the recent history, such as: Andraus Building, Sao Paulo, BR (1972),
First Interstate Bank Building in Los Angeles, US (1998); the One Meridian Plaza, Philadelphia, US
(1991) and the Parque Central, East Tower, Caracas, VE (2004) amongst other fire events where fires
spread in multiple floors show that this is a critical issue that may result in catastrophic events.
Considering the severity of this type of vertical fire spread and the difficulty, if even possible, to provide
an adequate fire response to such events, as well as the losses involved, and also that automatic
sprinklers are active systems that, even if extremely reliable, are subject to failure or temporary
impairments, very careful analysis should be taken when designing high rise buildings. Further
discussions should be conducted if automatic sprinklers alone will provide acceptable risk mitigation
for such scenarios.

5.2.2. Fire detection and alarms
Taking into consideration the prescriptive fire detection and alarms design, the local and international
fire regulations were found to have significant differences for fire detection and alarm systems. A few
of the important differences are indicated below.
The local regulations have no detailed instructions on horn and strobes design spacing and location
and the acceptance testing of the systems do not include measurements of sound and light intensity.
This was observed to be a factor affecting the capability of the strobes in this building.
The international regulations require that a high rise building is provided with Emergency Voice/Alarm
Communication System to give instructions for occupants on directions for a general or phased
evacuation, which is not required by local regulations. This is recognized as being important since a
phased evacuation will allow people in the fire area or on other areas that can be affected by it to be
able to have the preference and leave the area quickly, using the emergency stairways in a more
efficient way. In addition to that, the smoke pressurization systems on stairways are designed in
accordance with local regulations to be capable of doors on two floors to be opened at the same time.
116

This would not be possible in case of a general egress, in which many doors on multiple floors are
likely to be opened at the same time with the possibility of overtaxing the stairways pressurization
systems.

5.2.3. Fire suppression systems
The local standards for automatic sprinkler protection (non-storage occupancies) is based on the
reference international standard, therefore there are no significant differences from the requirements in
both standards.
The standpipe and hose connections provided by the local codes are significantly reduced in flow and
pressure requirements when compared to the reference international standards. The local codes
requirements of pressure, flow and volume are intended to allow fighting an incipient fire, while the
international regulations intend to provide adequate capacity for the fire department to fight a welldeveloped post flash-over fire, as would be expected if the automatic sprinkler systems fail to operate
as designed or are delayed to operate.
From the water supplies installations reliability standpoint, special attention should be given to product
certification by recognized agencies for fire safety use to increase the reliability of these systems, such
as fire pumps, controllers, automatic sprinklers, as well as others. These are currently not required by
local regulations.
A specific technical standard for the equipment and installation of the fire pumps and pump house is
not available and should be created to increase the reliability of such systems.

5.2.4. Smoke management systems
The main difference between the designs of smoke management systems is that the smoke exhaust
system is mandatory by local regulations to high rise buildings more than 60m high, a requirement that
is not included in international regulations, so the local regulations are more stringent on this aspect.
Understanding the differences between the regulations would require a more in depth analysis of the
risks and scenarios, as well as the differences on other aspects such as egress requirements. An in
depth conclusion on this subject would require further evaluation.

5.2.5. Egress analysis
The egress analysis per local and international regulations showed a significant difference from each
other, considering many different requirements and calculation methods. The main differences are
discussed as follows.
The local codes have one important advantage towards safety when compared to the international
regulations, which refers to the calculation method for the exit capacity. The calculation method used
by the local codes use the concept of unit of exit width which was replaced in 1988 by the incremental
method in the international regulations. As a result of that, the international regulations have become
significantly less stringent when considering the total size of exits, at the same time during this period
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the population has grown larger and less healthy than initial studies on exit capacity. In addition to that,
the use of plastics in furniture and other contents have increased drastically; increasing the fire spread
velocity when in comparison to occupancies in the 1980’s. For these factors, it was evaluated that the
more conservative method of calculation that is used in local codes will provide more safety for the
occupants of the building. As an exercise, the local code was used to calculate what would be the exit
capacity for the Station Nightclub (U.S.), where a catastrophic fire happened in 2003. At this nightclub,
the exit capacity by the new method (incremental) was estimated to allow a population of 540 people,
while by the local code (units of passage widths), the maximum allowed population would be
estimated in 250 people. The total number of people on the nightclub on the day of the fire was 462;
being that 100 people were killed and another 230 were injured. Even if many other important aspects
have contributed to the outcomes of this fire, it is clear that if the more conservative method had been
used, it is possible that many less casualties and injuries could have happened.
The most important disadvantage that the local codes present when compared to the international
regulations is related to the number and arrangement of exits. The international regulations usually
require that a minimum of two emergency exits are provided in all cases, with a few exceptions and,
depending on the population, up to four may be necessary. In addition to that, the international
regulations have requirements related to maximum common path of travel, dead-ends and
remoteness of multiple emergency exits that are absent in local codes. In comparison, the local
regulations will only require two exits in high rise buildings and in assembly buildings with more than
300 people. As a result, the populations in several different occupancies and buildings that are not
included in these two categories are exposed to injury and death caused by a fire anywhere in the
egress path, considering that many occupancies and buildings will be required only to have one exit
access. In addition to that, a significant hazard exists when the exit path (if unique) is blocked, which
may result in people not being able to leave the building at all under fire conditions. This was one of
the main factors resulting in the catastrophic fire at the Kiss Nightclub (Brazil). The unique exit was
blocked by a metal grate and a crowd crush that resulted in the death of 242 people and injuries to
more than 680.
At this building, a scenario where a fire may block the unique exit from the occupied space at the
offices is possible if the fire occurs near the unique exit door that leads to the elevator hallway or at the
elevator hallway, where two exit stairways doors are available. This is the result of a common path of
travel through the unique exit door from these spaces.
Another important disadvantage of the local codes is lack of a requirement for a minimum of 2/3 of the
exit capacity to be through the main entrance of the building for Assembly occupancies as required by
international regulations. This requirement was created as a result of the Station Nightclub fire where
most of the people tried to exit through the main exit, which was also the main entrance, with which
they were familiar, even if other exits were available. It is important that this requirement is included in
the local regulations to avoid similar events.
The local regulations also lack requirements on accessible means of egress for mobility impaired
people, even if many buildings in the country are adapted to be used for these people in normal
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circumstances, the elevator that is the usual mean of access cannot be used for emergency exit in
most of the design cases. There are no requirements on local codes for accessible means of egress.
In the building that has been evaluated for this project, the egress of mobility impaired people will
require assistance from fire brigade, professional firefighter on site and fire department professionals.
Finally, it is important to comment that Brazil has not yet adopted the Performance Based design for
fire purposes. The method is important to allow fire protection at lower costs, as well as allow the
unusual architectural and construction features and layouts, amongst many other advantages.
However, it is important that if the country moves towards such approach, the fire safety professionals,
as well as authorities having jurisdiction, are prepared and trained to the high technical skills and
knowledge that are needed for the analysis. A comprehensive plan should be developed to prepare
the professionals and authorities having jurisdiction for a new approach as PBD. Currently, there have
been no significant initiatives to implement the methodology in the country for fire purposes.

5.2.6. Inspection, testing and maintenance
The local requirements for inspection, testing and maintenance of fire protection systems, especially
fire suppression systems and water supplies, do not have all the requirements that are believed to be
necessary to provide an adequate reliability and operations conditions of the fire protection equipment.
The local technical standards and regulations should be improved to address several equipment and
features that are not currently considered as described in this report.
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7. Appendix
7.1. Appendix 1 – Pathfinder results (Theater)
The following basic assumptions were used for this simulation:


The most important assumption is that the people seated in each fixed seating area was modeled to be standing up in a room of the same dimensions
that the fixed seating area for simplification. Each fixed seating area (rooms) was connected with the common areas for egress travel by a door of the
same width as the fixed seating area stairs. This was meant to simulate the queueing to go downstairs the fixed seating levels.



The boundary layer of occupants was used as the default value 150mm in accordance with SFPE Handbook guidelines



The occupant heights are assumed to be 1,83m



The maximum speed of occupants is considered 1,19m/s. This value is based on SFPE Handbook for environment without smoke. The walking speed
may be lower especially in environments with irritant smoke. However, most of the time spent by the occupants is queueing so the maximum speed
should not have a significant effect on total movement time



The shoulders are 45,58cm wide.



The speed x density profile was used based on the SFPE Handbook guidelines.

The values used for the calculations are considered reasonable for the normal occupants of the Theater, which are majorly adults with reasonably good health
conditions.
RESULTS: The total movement time resulted in 132 seconds.
It is important to notice that a significant density occurs within the Theater (see results figures), however this is expected considering the fixed seating and that
conservatively the stage was simulated to occupy most of the empty area in the center of the room, limiting the area for egress paths. This is deemed to be in
accordance to what would be expected in such occupancy.
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Figure 49 – Speed x density Profile
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Figure 50 – Start of the simulation (t=0s)
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Figure 51 – Simulation t=20s – Occupants will queue to exit mostly through the smaller exit doors that lead directly to outside (occupants are considered to have
left when reaching the open exterior stairways through the door (exterior stairways not represented in the simulation)
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Figure 52 – Simulation t=40s – Occupants will seek alternative exit through the main entrance (main exit) considering the significant queueing at the smaller side
exit doors

126

Figure 53 – Simulation 60s – The same pattern of evacuation continues
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Figure 54 - Simulation 90s – The same pattern of evacuation continues
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Figure 55 – Simulation 132s – All occupants have left the Theater
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Figure 56 – Occupant density at 20 seconds
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7.2. Appendix 2 – Fire suppression systems sketches and calculations
th

Hydraulic calculations – automatic sprinklers – pump – 15 floor (Ref.: Pump discharge)
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Hydraulic calculations – standpipes – pump – 15 floor (Ref.: Pump discharge)
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Hydraulic calculations – automatic sprinklers – 1 basement (Ref.: Ground level – 103,95m)
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Hydraulic calculations – automatic sprinklers – theater (Ref.: Ground level – 103,95m)
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AUTOMATIC SPRINKLERS - Fire pumps curves (KSB Megabloc 40-160R – rotor 148mm)
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STANDPIPES – Fire pumps curves (KSB Megabloc 32-125R rotor 138mm)
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7.3. Appendix 3 - Equipment data-sheets
The following initial sections of the equipment data-sheets containing equipment description have
been provided for reference.
Smoke detector

158

Heat detector
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Automatic sprinklers
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162

Fire Alarm controller
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164
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7.4. Appendix 4 – Pyrosim/FDS simulation details
7.4.1. Scenario #1 - Typical Offices – fire on open office area

Figure 57 – Scenario #1 - Layout of the office

166

Figure 58 – Scenario #1 - Inside view of an unoccupied office floor (west side)
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Figure 59 – Scenario #1 - View of the exit hallway
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Figure 60 – Scenario #1 - Typical office layout – smoke extraction systems
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Figure 61 – Scenario #1 - Smokeview layout
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Figure 62 – Scenario #1 - Heat release rate (kW) x time (s)
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Figure 63 – Scenario #1 - Slice vector air flow (ventilation exhaust system) – Z=1.80m
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Figure 64 – Scenario #1 - Soot visibility Z=1.80m – 60 seconds
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Figure 65 – Scenario #1 - Soot visibility Z=1.80m – 180 seconds
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Figure 66 – Scenario #1 - Soot visibility Z=1.80m – 255 seconds
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Figure 67 – Scenario #1 - CO concentration Z=1.80m – 255 seconds (ASET > 255s)
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Figure 68 – Scenario #1 - Temperature Z=1.80m – 255 seconds
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Scenario #1 - FDS Input file:
0327-moff.fds
Generated by PyroSim - Version 2015.2.0604
27/03/2016 22:27:11
&HEAD CHID='0327-moff'/
&TIME T_END=255.0/
&DUMP RENDER_FILE='0327-moff.ge1', DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=250,140,28, XB=0.0,25.0,0.0,14.0,0.0,2.8/
&REAC ID='Office',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.01,
SOOT_YIELD=0.03/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&PROP ID='Conc-pend',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74.0,
RTI=150.0/
&DEVC ID='SD01', PROP_ID='Cleary Photoelectric P1', XYZ=16.9,6.5,2.8/
&DEVC ID='SD02', PROP_ID='Cleary Photoelectric P1', XYZ=8.9,6.5,2.8/
&DEVC ID='Spk01', PROP_ID='Conc-pend', XYZ=14.7,6.5,2.8/
&DEVC ID='Spk03', PROP_ID='Conc-pend', XYZ=11.1,6.5,2.8/
&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='or'/
&CTRL ID='or', FUNCTION_TYPE='ANY', LATCH=.FALSE., INPUT_ID='SD01','SD02'/

178

&MATL ID='Drywall',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.48,
DENSITY=2200.0/
&MATL ID='Glass',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.78,
DENSITY=2700.0/
&SURF ID='Drywall',
RGB=146,202,166,
BACKING='VOID',
MATL_ID(1,1)='Drywall',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Glass',
RGB=146,253,238,
BACKING='VOID',
MATL_ID(1,1)='Glass',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Vent_out',
RGB=26,128,26,
VOLUME_FLOW=0.25/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=600.0,
TAU_Q=-225.0/
&OBST XB=0.0,25.0,14.0,14.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=25.0,25.0,5.4,14.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=18.2,25.0,5.4,5.4,-8.88178E-16,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=18.2,18.2,1.0,5.4,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=0.0,18.2,1.0,1.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=0.0,0.0,1.0,14.0,-2.22045E-16,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=0.0,18.2,1.0,5.4,2.8,2.8, COLOR='INVISIBLE', SURF_ID='Drywall'/ Obstruction
&OBST XB=0.0,25.0,5.4,14.0,2.8,2.8, COLOR='INVISIBLE', SURF_ID='Drywall'/ Obstruction
&HOLE XB=2.0,4.5,0.8,1.2,-0.01,0.8, CTRL_ID='Control01'/ Hole
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&HOLE XB=8.0,10.5,0.8,1.2,-0.01,0.8, CTRL_ID='Control01'/ Hole
&HOLE XB=14.0,16.5,0.8,1.2,-0.01,0.8, CTRL_ID='Control01'/ Hole
&HOLE XB=21.0,22.25,5.2,5.6,-0.01,0.4, CTRL_ID='Control01'/ Hole
&VENT SURF_ID='OPEN', XB=25.0,25.0,0.0,14.0,0.0,2.8/ Mesh Vent: Mesh01 [XMAX]
&VENT SURF_ID='OPEN', XB=0.0,0.0,0.0,14.0,0.0,2.8/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=0.0,25.0,14.0,14.0,0.0,2.8/ Mesh Vent: Mesh01 [YMAX]
&VENT SURF_ID='OPEN', XB=0.0,25.0,0.0,0.0,0.0,2.8/ Mesh Vent: Mesh01 [YMIN]
&VENT SURF_ID='Vent_out', XB=1.0,1.4,13.4,13.6,2.8,2.8/ Vent
&VENT SURF_ID='Vent_out', XB=2.4,2.8,13.4,13.6,2.8,2.8/ Vent01
&VENT SURF_ID='Vent_out', XB=3.8,4.2,13.4,13.6,2.8,2.8/ Vent02
&VENT SURF_ID='Vent_out', XB=5.2,5.6,13.4,13.6,2.8,2.8/ Vent03
&VENT SURF_ID='Vent_out', XB=6.6,7.0,13.4,13.6,2.8,2.8/ Vent04
&VENT SURF_ID='Vent_out', XB=8.0,8.4,13.4,13.6,2.8,2.8/ Vent05
&VENT SURF_ID='Vent_out', XB=9.4,9.8,13.4,13.6,2.8,2.8/ Vent06
&VENT SURF_ID='Vent_out', XB=10.8,11.2,13.4,13.6,2.8,2.8/ Vent07
&VENT SURF_ID='Vent_out', XB=12.2,12.6,13.4,13.6,2.8,2.8/ Vent08
&VENT SURF_ID='Vent_out', XB=13.6,14.0,13.4,13.6,2.8,2.8/ Vent09
&VENT SURF_ID='Vent_out', XB=15.0,15.4,13.4,13.6,2.8,2.8/ Vent10
&VENT SURF_ID='Vent_out', XB=16.4,16.8,13.4,13.6,2.8,2.8/ Vent11
&VENT SURF_ID='Vent_out', XB=17.8,18.2,13.4,13.6,2.8,2.8/ Vent12
&VENT SURF_ID='Vent_out', XB=19.2,19.6,13.4,13.6,2.8,2.8/ Vent13
&VENT SURF_ID='Vent_out', XB=20.6,21.0,13.4,13.6,2.8,2.8/ Vent14
&VENT SURF_ID='Vent_out', XB=22.0,22.4,13.4,13.6,2.8,2.8/ Vent15
&VENT SURF_ID='Vent_out', XB=0.4,0.6,12.6,13.0,2.8,2.8/ Vent16
&VENT SURF_ID='Vent_out', XB=0.4,0.6,11.6,12.0,2.8,2.8/ Vent20
&VENT SURF_ID='Vent_out', XB=0.4,0.6,10.6,11.0,2.8,2.8/ Vent21
&VENT SURF_ID='Vent_out', XB=0.4,0.6,9.6,10.0,2.8,2.8/ Vent22
&VENT SURF_ID='Fire', XB=12.4,13.4,6.0,7.0,0.0,0.0/ Vent23
&SLCF QUANTITY='TEMPERATURE', PBZ=1.8/
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.8/
&SLCF QUANTITY='PRESSURE', PBZ=1.8/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=1.8/
&SLCF QUANTITY='VISIBILITY', PBZ=1.8/

&TAIL /
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7.4.2. Scenario #2 – Integrated offices – Fire on open office area

Figure 69 – Scenario #2 – Integrated offices layout
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Figure 70 – Scenario #2 – Integrated office view
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Figure 71 – Scenario #2 – Integrated offices Reception hall view (exit / elevator hall)
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Figure 72 – Scenario #2 – Integrated offices layout
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Figure 73 – Scenario #2 – Heat release rate (kW) x time (s)
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Figure 74 – Scenario #2 – Exhaust make-up air ventilation vector velocities Z=0.3m
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Figure 75 – Scenario #2 – Soot visibility Z=1.80m – 180 seconds
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Figure 76 – Scenario #2 – Soot visibility Z=1.80m – 390 seconds
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Figure 77 – Scenario #2 – CO concentration Z=1.80m – 390 seconds
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Figure 78 – Scenario #2 – Temperature Z=1.80m – 390 seconds
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Scenario #2 – FDS input file:
0405_office_SR_390.fds
Generated by PyroSim - Version 2015.4.1214
05/04/2016 22:53:43
&HEAD CHID='0405_office_SR_390'/
&TIME T_END=390.0/
&DUMP RENDER_FILE='0405_office_SR_390.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=244,267,28, XB=8.5,32.9,1.0,27.7,0.0,2.8/
&REAC ID='Office',
FYI='Office',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.01,
SOOT_YIELD=0.03/
&PROP ID='Conc-pendent',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74.0,
RTI=150.0/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&DEVC ID='Spk-concealed', PROP_ID='Conc-pendent', XYZ=17.9,24.1,2.8/
&DEVC ID='SD', PROP_ID='Cleary Photoelectric P1', XYZ=20.1,24.1,2.8/
&DEVC ID='Heat flux01', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux02', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,19.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux03', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux04', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,16.2,1.83, ORIENTATION=0.0,0.0,1.0/
&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD'/
&MATL ID='Dry wall',
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SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.48,
DENSITY=2200.0/
&MATL ID='Glass',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.78,
DENSITY=2700.0/
&SURF ID='Drywall',
RGB=146.0,202.0,166.0,
BACKING='VOID',
MATL_ID(1,1)='Dry wall',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Glass',
RGB=146.0,255.0,231.0,
BACKING='VOID',
MATL_ID(1,1)='Glass',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=607.0,
TAU_Q=-225.0/
&SURF ID='Vent_out',
RGB=26.0,128.0,26.0,
VOLUME_FLOW=0.29/
&OBST XB=25.7,25.7,7.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,15.3,8.7,8.7,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=15.3,15.3,15.5,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,11.3,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,31.3,23.2,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,29.3,27.3,27.3,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,19.4,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,15.3,7.6,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=11.3,14.0,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,8.5,8.7,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,32.9,5.6,5.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
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&OBST XB=11.3,11.3,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,29.3,1.4,1.4,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=31.3,32.9,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=27.2,27.2,18.9,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,15.5,15.5,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,12.5,8.7,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,15.3,16.9,16.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=25.7,27.2,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,13.9,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=22.8,22.8,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,27.2,22.0,22.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,14.0,16.9,16.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,14.0,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,1.4,5.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,23.2,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=31.3,31.3,18.9,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=32.9,32.9,5.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,12.5,1.4,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,12.5,19.9,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=19.4,22.8,10.6,10.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,25.7,7.6,7.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,22.8,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&HOLE XB=19.3,19.5,14.1,15.3,-0.01,2.2/ Hole
&HOLE XB=14.2,15.2,8.6,8.8,-0.01,2.1/ Hole
&HOLE XB=14.2,15.2,16.8,17.0,-0.01,2.1/ Hole
&HOLE XB=14.05,16.55,1.3,1.5,-0.01,0.7, CTRL_ID='Control01'/ Hole1
&HOLE XB=19.65,22.15,1.3,1.5,-0.01,0.7, CTRL_ID='Control01'/ Hole2
&HOLE XB=25.25,27.75,1.3,1.5,-0.01,0.7, CTRL_ID='Control01'/ Hole3
&HOLE XB=14.05,16.55,27.2,27.4,-0.01,0.7, CTRL_ID='Control01'/ Hole4
&HOLE XB=19.65,22.15,27.2,27.4,-0.01,0.7, CTRL_ID='Control01'/ Hole5
&HOLE XB=25.25,27.75,27.2,27.4,-0.01,0.7, CTRL_ID='Control01'/ Hole6
&VENT SURF_ID='OPEN', XB=32.9,32.9,1.0,27.7,0.0,2.8/ Mesh Vent: Mesh01 [XMAX]
&VENT SURF_ID='OPEN', XB=8.5,8.5,1.0,27.7,0.0,2.8/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=8.5,32.9,27.7,27.7,0.0,2.8/ Mesh Vent: Mesh01 [YMAX]
&VENT SURF_ID='OPEN', XB=8.5,32.9,1.0,1.0,0.0,2.8/ Mesh Vent: Mesh01 [YMIN]
&VENT SURF_ID='Fire', XB=15.3,16.3,24.2,25.2,0.0,0.0/ Vent08
&VENT SURF_ID='Vent_out', XB=12.5,12.7,15.8,16.1,2.8,2.8, CTRL_ID='Control01'/ Vent11
&VENT SURF_ID='Vent_out', XB=12.5,12.7,14.5,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent12
&VENT SURF_ID='Vent_out', XB=12.5,12.7,9.4,9.7,2.8,2.8, CTRL_ID='Control01'/ Vent13
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&VENT SURF_ID='Vent_out', XB=12.5,12.7,10.8,11.1,2.8,2.8, CTRL_ID='Control01'/ Vent14
&VENT SURF_ID='Vent_out', XB=16.0,16.3,14.6,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent15
&VENT SURF_ID='Vent_out', XB=17.4,17.7,14.6,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent16
&VENT SURF_ID='Vent_out', XB=18.8,19.1,14.5,14.7,2.8,2.8, CTRL_ID='Control01'/ Vent17
&VENT SURF_ID='Vent_out', XB=20.2,20.5,14.5,14.7,2.8,2.8, CTRL_ID='Control01'/ Vent21
&VENT SURF_ID='Vent_out', XB=21.6,21.9,14.5,14.7,2.8,2.8, CTRL_ID='Control01'/ Vent22
&VENT SURF_ID='Vent_out', XB=30.8,31.0,7.3,7.6,2.8,2.8, CTRL_ID='Control01'/ Vent23
&VENT SURF_ID='Vent_out', XB=30.8,31.0,10.6,10.9,2.8,2.8, CTRL_ID='Control01'/ Vent24
&VENT SURF_ID='Vent_out', XB=30.8,31.0,13.9,14.2,2.8,2.8, CTRL_ID='Control01'/ Vent25
&VENT SURF_ID='Vent_out', XB=30.8,31.0,17.2,17.5,2.8,2.8, CTRL_ID='Control01'/ Vent26
&VENT SURF_ID='Vent_out', XB=26.3,26.6,14.6,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent28
&VENT SURF_ID='Vent_out', XB=26.3,26.6,14.0,14.2,2.8,2.8, CTRL_ID='Control01'/ Vent29
&VENT SURF_ID='Vent_out', XB=27.5,27.8,14.6,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent30
&VENT SURF_ID='Vent_out', XB=27.5,27.8,14.0,14.2,2.8,2.8, CTRL_ID='Control01'/ Vent31
&VENT SURF_ID='Vent_out', XB=28.7,29.0,14.6,14.8,2.8,2.8, CTRL_ID='Control01'/ Vent34
&VENT SURF_ID='Vent_out', XB=28.7,29.0,14.0,14.2,2.8,2.8, CTRL_ID='Control01'/ Vent35
&VENT SURF_ID='Vent_out', XB=13.9,14.2,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent36
&VENT SURF_ID='Vent_out', XB=13.9,14.2,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent42
&VENT SURF_ID='Vent_out', XB=16.6,16.9,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent56
&VENT SURF_ID='Vent_out', XB=19.3,19.6,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent57
&VENT SURF_ID='Vent_out', XB=22.0,22.3,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent58
&VENT SURF_ID='Vent_out', XB=24.7,25.0,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent59
&VENT SURF_ID='Vent_out', XB=27.4,27.7,6.6,6.8,2.8,2.8, CTRL_ID='Control01'/ Vent60
&VENT SURF_ID='Vent_out', XB=16.6,16.9,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent61
&VENT SURF_ID='Vent_out', XB=19.3,19.6,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent62
&VENT SURF_ID='Vent_out', XB=22.0,22.3,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent63
&VENT SURF_ID='Vent_out', XB=24.7,25.0,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent64
&VENT SURF_ID='Vent_out', XB=27.4,27.7,22.2,22.4,2.8,2.8, CTRL_ID='Control01'/ Vent65
&SLCF QUANTITY='TEMPERATURE', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', PBZ=1.83/
&SLCF QUANTITY='PRESSURE', PBZ=1.83/
&SLCF QUANTITY='VISIBILITY', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.33/
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.83/

&TAIL /
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7.4.3. Scenario #3 - Integrated offices – fire on reception area

Figure 79 – Scenario #3 – Integrated offices – scenario #3 fire at the reception area
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Figure 80 – Scenario #3 – Heat release rate (kW) x time (s)
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Figure 81 – Scenario #3 – Exhaust make-up air ventilation Z=0.3m
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Figure 82 – Scenario #3 – Soot visibility Z=1.80m – 90 seconds
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Figure 83 – Scenario #3 – Soot visibility Z=1.80m – 120 seconds

199

Figure 84 – Scenario #3 – CO concentration Z=1.80m – 255 seconds
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Figure 85 – Scenario #3 – Temperature Z=1.80m – 255 seconds
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Scenario #3 – FDS Input file:
Office_22m_reception.fds
Generated by PyroSim - Version 2015.4.1214
26/03/2016 13:55:25
&HEAD CHID='Office_22m_reception'/
&TIME T_END=255.0/
&DUMP RENDER_FILE='Office_22m_reception.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=244,176,28, XB=8.5,32.9,5.6,23.2,0.0,2.8/
&MESH ID='Mesh02', IJK=122,23,14, XB=8.5,32.9,1.0,5.6,0.0,2.8/
&MESH ID='Mesh03', IJK=122,23,14, XB=8.5,32.9,23.2,27.8,0.0,2.8/

&REAC ID='Office',
FYI='Office',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.2,
SOOT_YIELD=0.03/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&PROP ID='QR',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74.0,
RTI=50.0/
&DEVC ID='SD01', PROP_ID='Cleary Photoelectric P1', XYZ=12.7,12.5,2.75/
&DEVC ID='Heat flux01', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux02', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,19.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux03', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
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&DEVC ID='Heat flux04', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,16.2,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='QR Sprinkler', PROP_ID='QR', XYZ=12.4,14.15,2.75/
&CTRL ID='Control02', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&MATL ID='Dry wall',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.48,
DENSITY=2200.0/
&MATL ID='Glass',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.78,
DENSITY=2700.0/
&SURF ID='Drywall',
RGB=146.0,202.0,166.0,
BACKING='VOID',
MATL_ID(1,1)='Dry wall',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Glass',
RGB=146.0,255.0,231.0,
BACKING='VOID',
MATL_ID(1,1)='Glass',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=270.0,
TAU_Q=-150.0/
&SURF ID='Vent_out',
RGB=26.0,128.0,26.0,
VOLUME_FLOW=0.25/
&OBST XB=25.7,25.7,7.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,15.3,8.7,8.7,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=15.3,15.3,15.5,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,11.3,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
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&OBST XB=29.3,31.3,23.2,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,29.3,27.3,27.3,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,19.4,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,15.3,7.6,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=11.3,14.0,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,8.5,8.7,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,32.9,5.6,5.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,11.3,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,29.3,1.4,1.4,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=31.3,32.9,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=27.2,27.2,18.9,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,15.5,15.5,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,12.5,8.7,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,15.3,16.9,16.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=25.7,27.2,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,13.9,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=22.8,22.8,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,27.2,22.0,22.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,14.0,16.9,16.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,14.0,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,1.4,5.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,23.2,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=31.3,31.3,18.9,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=32.9,32.9,5.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,12.5,1.4,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,12.5,19.9,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=19.4,22.8,10.6,10.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,25.7,7.6,7.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,22.8,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&HOLE XB=19.3,19.5,14.1,15.3,-0.01,2.2/ Hole
&HOLE XB=14.2,15.2,8.6,8.8,-0.01,2.1/ Hole
&HOLE XB=14.2,15.2,16.8,17.0,-0.01,2.1/ Hole
&HOLE XB=14.05,16.55,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole1
&HOLE XB=19.65,22.15,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole2
&HOLE XB=25.25,27.75,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole3
&HOLE XB=14.05,16.55,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole4
&HOLE XB=19.65,22.15,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole5
&HOLE XB=25.25,27.75,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole6
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&VENT SURF_ID='OPEN', XB=32.9,32.9,5.6,23.2,0.0,2.8/ Mesh Vent: Mesh01 [XMAX]
&VENT SURF_ID='OPEN', XB=8.5,8.5,5.6,23.2,0.0,2.8/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=32.9,32.9,1.0,5.6,0.0,2.8/ Mesh Vent: Mesh02 [XMAX]
&VENT SURF_ID='OPEN', XB=8.5,8.5,1.0,5.6,0.0,2.8/ Mesh Vent: Mesh02 [XMIN]
&VENT SURF_ID='OPEN', XB=8.5,32.9,1.0,1.0,0.0,2.8/ Mesh Vent: Mesh02 [YMIN]
&VENT SURF_ID='OPEN', XB=32.9,32.9,23.2,27.8,0.0,2.8/ Mesh Vent: Mesh03 [XMAX]
&VENT SURF_ID='OPEN', XB=8.5,8.5,23.2,27.8,0.0,2.8/ Mesh Vent: Mesh03 [XMIN]
&VENT SURF_ID='OPEN', XB=8.5,32.9,27.8,27.8,0.0,2.8/ Mesh Vent: Mesh03 [YMAX]
&VENT SURF_ID='Fire', XB=11.8,12.8,12.0,13.0,0.0,0.0/ Vent08
&VENT SURF_ID='Vent_out', XB=12.5,12.7,15.8,16.1,2.8,2.8, CTRL_ID='Control02'/ Vent11
&VENT SURF_ID='Vent_out', XB=12.5,12.7,14.5,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent12
&VENT SURF_ID='Vent_out', XB=12.5,12.7,9.4,9.7,2.8,2.8, CTRL_ID='Control02'/ Vent13
&VENT SURF_ID='Vent_out', XB=12.5,12.7,10.8,11.1,2.8,2.8, CTRL_ID='Control02'/ Vent14
&VENT SURF_ID='Vent_out', XB=16.0,16.3,14.6,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent15
&VENT SURF_ID='Vent_out', XB=17.4,17.7,14.6,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent16
&VENT SURF_ID='Vent_out', XB=18.8,19.1,14.5,14.7,2.8,2.8, CTRL_ID='Control02'/ Vent17
&VENT SURF_ID='Vent_out', XB=20.2,20.5,14.5,14.7,2.8,2.8, CTRL_ID='Control02'/ Vent21
&VENT SURF_ID='Vent_out', XB=21.6,21.9,14.5,14.7,2.8,2.8, CTRL_ID='Control02'/ Vent22
&VENT SURF_ID='Vent_out', XB=30.8,31.0,7.3,7.6,2.8,2.8, CTRL_ID='Control02'/ Vent23
&VENT SURF_ID='Vent_out', XB=30.8,31.0,10.6,10.9,2.8,2.8, CTRL_ID='Control02'/ Vent24
&VENT SURF_ID='Vent_out', XB=30.8,31.0,13.9,14.2,2.8,2.8, CTRL_ID='Control02'/ Vent25
&VENT SURF_ID='Vent_out', XB=30.8,31.0,17.2,17.5,2.8,2.8, CTRL_ID='Control02'/ Vent26
&VENT SURF_ID='Vent_out', XB=26.3,26.6,14.6,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent28
&VENT SURF_ID='Vent_out', XB=26.3,26.6,14.0,14.2,2.8,2.8, CTRL_ID='Control02'/ Vent29
&VENT SURF_ID='Vent_out', XB=27.5,27.8,14.6,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent30
&VENT SURF_ID='Vent_out', XB=27.5,27.8,14.0,14.2,2.8,2.8, CTRL_ID='Control02'/ Vent31
&VENT SURF_ID='Vent_out', XB=28.7,29.0,14.6,14.8,2.8,2.8, CTRL_ID='Control02'/ Vent34
&VENT SURF_ID='Vent_out', XB=28.7,29.0,14.0,14.2,2.8,2.8, CTRL_ID='Control02'/ Vent35
&VENT SURF_ID='Vent_out', XB=13.9,14.2,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent36
&VENT SURF_ID='Vent_out', XB=13.9,14.2,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent42
&VENT SURF_ID='Vent_out', XB=16.6,16.9,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent56
&VENT SURF_ID='Vent_out', XB=19.3,19.6,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent57
&VENT SURF_ID='Vent_out', XB=22.0,22.3,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent58
&VENT SURF_ID='Vent_out', XB=24.7,25.0,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent59
&VENT SURF_ID='Vent_out', XB=27.4,27.7,6.6,6.8,2.8,2.8, CTRL_ID='Control02'/ Vent60
&VENT SURF_ID='Vent_out', XB=16.6,16.9,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent61
&VENT SURF_ID='Vent_out', XB=19.3,19.6,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent62
&VENT SURF_ID='Vent_out', XB=22.0,22.3,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent63
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&VENT SURF_ID='Vent_out', XB=24.7,25.0,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent64
&VENT SURF_ID='Vent_out', XB=27.4,27.7,22.2,22.4,2.8,2.8, CTRL_ID='Control02'/ Vent65
&SLCF QUANTITY='TEMPERATURE', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', PBZ=1.83/
&SLCF QUANTITY='PRESSURE', PBZ=1.83/
&SLCF QUANTITY='VISIBILITY', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.33/
&SLCF QUANTITY='AEROSOL VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.83/

&TAIL /
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7.4.4. Scenario #4 – Integrated offices – Fire on reception area (modified from existing)

Figure 86 – Scenario #4 – Recommended changed zones of smoke extraction – 1 system to be dedicated to the zone enclosed in red
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Figure 87 – Scenario #4 – Heat release rate (kW) x time (s)
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Figure 88 – Scenario #4 – Smoke exhaust system make-up air vents Z=0.40m
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Figure 89 – Scenario #4 – Soot visibility Z=1.80m – 120 seconds

210

Figure 90 – Scenario #4 – Soot visibility Z=1.80m – 250 seconds
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Figure 91 – Scenario #4 – CO concentration Z=1.80m – 280 seconds
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Figure 92 – Scenario #4 – Temperature Z=1.80m – 250 seconds
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Figure 93 – Scenario #4 – Temperature Z=1.80m – 255 seconds

214

Scenario #4 – FDS input file
Office_0412_reception.fds
Generated by PyroSim - Version 2015.4.1214
16/04/2016 15:26:26
&HEAD CHID='Office_0412_reception'/
&TIME T_END=280.0/
&DUMP RENDER_FILE='Office_0412_reception.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=123,140,14, XB=8.4,33.0,0.0,28.0,0.0,2.8/
&REAC ID='Office',
FYI='Office',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.01,
SOOT_YIELD=0.03/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ACTIVATION_OBSCURATION=3.0,
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&PROP ID='Conc-pendent',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74.0,
RTI=150.0/
&DEVC ID='SD01', PROP_ID='Cleary Photoelectric P1', XYZ=12.7,12.5,2.75/
&DEVC ID='Heat flux01', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux02', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,19.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux03', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux04', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,16.2,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Sprinkler', PROP_ID='Conc-pendent', XYZ=12.4,14.15,2.75/
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&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&CTRL ID='Control02', FUNCTION_TYPE='TIME_DELAY', DELAY=15.0, LATCH=.FALSE., INPUT_ID='latch'/
&CTRL ID='latch', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&MATL ID='Dry wall',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.48,
DENSITY=2200.0/
&MATL ID='Glass',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.78,
DENSITY=2700.0/
&SURF ID='Drywall',
RGB=146.0,202.0,166.0,
BACKING='VOID',
MATL_ID(1,1)='Dry wall',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Glass',
RGB=146.0,255.0,231.0,
BACKING='VOID',
MATL_ID(1,1)='Glass',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=940.0,
TAU_Q=-280.0/
&SURF ID='Vent_out',
RGB=26.0,128.0,26.0,
VOLUME_FLOW=2.6/
&OBST XB=25.7,25.7,7.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,15.3,8.7,8.7,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=15.3,15.3,15.5,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,11.3,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,31.3,23.2,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
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&OBST XB=12.5,29.3,27.3,27.3,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,19.4,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,15.3,7.6,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=11.3,14.0,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,8.5,8.7,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,32.9,5.6,5.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,11.3,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,29.3,1.4,1.4,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=31.3,32.9,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=27.2,27.2,18.9,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,15.5,15.5,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,12.5,8.7,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,15.3,16.9,16.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=25.7,27.2,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,13.9,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=22.8,22.8,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,27.2,22.0,22.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,14.0,16.9,16.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,14.0,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,1.4,5.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,23.2,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=31.3,31.3,18.9,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=32.9,32.9,5.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,12.5,1.4,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,12.5,19.9,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=19.4,22.8,10.6,10.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.2,25.6,7.6,7.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,22.8,18.8,18.8,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&HOLE XB=19.3,19.5,14.1,15.3,-0.02,2.2/ Hole
&HOLE XB=14.2,15.2,8.6,8.8,-0.02,2.1/ Hole
&HOLE XB=14.2,15.2,16.8,17.0,-0.02,2.1/ Hole
&HOLE XB=14.05,16.55,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole1
&HOLE XB=19.65,22.15,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole2
&HOLE XB=25.25,27.75,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole3
&HOLE XB=14.05,16.55,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole4
&HOLE XB=19.65,22.15,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole5
&HOLE XB=25.25,27.75,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole6
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&VENT SURF_ID='OPEN', XB=33.0,33.0,0.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [XMAX]
&VENT SURF_ID='OPEN', XB=8.4,8.4,0.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=8.4,33.0,28.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [YMAX]
&VENT SURF_ID='OPEN', XB=8.4,33.0,0.0,0.0,0.0,2.8/ Mesh Vent: Mesh01 [YMIN]
&VENT SURF_ID='Fire', XB=11.8,12.8,12.0,13.0,0.0,0.0/ Vent08
&VENT SURF_ID='Vent_out', XB=12.0,13.0,12.4,13.4,2.8,2.8, CTRL_ID='Control02'/ Vent66
&VENT SURF_ID='Vent_out', XB=12.0,13.0,10.0,11.0,2.8,2.8, CTRL_ID='Control02'/ Vent67
&VENT SURF_ID='Vent_out', XB=12.0,13.0,15.0,16.0,2.8,2.8, CTRL_ID='Control02'/ Vent68
&SLCF QUANTITY='TEMPERATURE', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', PBZ=1.83/
&SLCF QUANTITY='PRESSURE', PBZ=1.83/
&SLCF QUANTITY='VISIBILITY', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.33/
&SLCF QUANTITY='AEROSOL VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.83/

&TAIL /
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7.4.5. Scenario #5 – Integrated offices – Fire on conference room (modified from existing)

Figure 94 – Scenario #5 – Layout integrated offices with fire on conference room

219

Figure 95 – Scenario #5 – Heat release rate (kW) x time (s)
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Figure 96 – Scenario #5 – Smoke exhaust make-up air vector velocities Z=0.4m
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Figure 97 – Scenario #5 - Soot visibility Z=1.80m – 180 seconds
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Figure 98 – Scenario #5 - Soot visibility Z=1.80m – 485 seconds
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Figure 99 – Scenario #5 – CO concentration Z=1.80m – 485 seconds
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Figure 100 – Scenario #5 – Temperature Z=1.80m – 485 seconds
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Scenario #5 – FDS input file
Office_confroom.fds
Generated by PyroSim - Version 2015.4.1214
18/04/2016 00:00:35
&HEAD CHID='Office_confroom'/
&TIME T_END=485.0/
&DUMP RENDER_FILE='Office_confroom.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=123,140,14, XB=8.4,33.0,0.0,28.0,0.0,2.8/
&REAC ID='Office',
FYI='Office',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.01,
SOOT_YIELD=0.03/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ACTIVATION_OBSCURATION=3.0,
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&PROP ID='Conc-pendent',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74.0,
RTI=150.0/
&DEVC ID='SD01', PROP_ID='Cleary Photoelectric P1', XYZ=21.3,11.3,2.75/
&DEVC ID='Heat flux01', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux02', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=9.5,19.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux03', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,9.7,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Heat flux04', QUANTITY='RADIATIVE HEAT FLUX GAS', XYZ=14.5,16.2,1.83, ORIENTATION=0.0,0.0,1.0/
&DEVC ID='Sprinkler', PROP_ID='Conc-pendent', XYZ=21.4,16.35,2.75/
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&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&CTRL ID='Control02', FUNCTION_TYPE='TIME_DELAY', DELAY=15.0, LATCH=.FALSE., INPUT_ID='latch'/
&CTRL ID='latch', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD01'/
&MATL ID='Dry wall',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.48,
DENSITY=2200.0/
&MATL ID='Glass',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.78,
DENSITY=2700.0/
&SURF ID='Drywall',
RGB=146.0,202.0,166.0,
BACKING='VOID',
MATL_ID(1,1)='Dry wall',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Glass',
RGB=146.0,255.0,231.0,
BACKING='VOID',
MATL_ID(1,1)='Glass',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=799.0,
TAU_Q=-258.0/
&SURF ID='Vent_out',
RGB=26.0,128.0,26.0,
VOLUME_FLOW=1.9/
&OBST XB=25.7,25.7,7.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,15.3,8.7,8.7,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=15.3,15.3,15.5,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,11.3,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,31.3,23.2,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
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&OBST XB=12.5,29.3,27.3,27.3,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,19.4,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,15.3,7.6,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=11.3,14.0,19.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,8.5,8.7,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,32.9,5.6,5.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,11.3,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,29.3,1.4,1.4,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=31.3,32.9,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=27.2,27.2,18.9,22.0,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,15.5,15.5,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=8.5,12.5,8.7,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,15.3,16.9,16.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=25.7,27.2,18.9,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,19.4,13.9,13.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=22.8,22.8,10.6,18.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.3,27.2,22.0,22.0,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=11.3,14.0,16.9,16.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=14.0,14.0,16.9,19.9,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,1.4,5.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=29.3,29.3,23.2,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=31.3,31.3,18.9,23.2,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=32.9,32.9,5.6,18.9,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=12.5,12.5,1.4,8.7,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=12.5,12.5,19.9,27.3,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=19.4,22.8,10.6,10.6,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&OBST XB=15.2,25.6,7.6,7.6,0.0,2.8, SURF_ID='Glass'/ Obstruction
&OBST XB=19.4,22.8,18.8,18.8,0.0,2.8, SURF_ID='Drywall'/ Obstruction
&HOLE XB=19.3,19.5,14.1,15.3,-0.02,2.2/ Hole
&HOLE XB=14.2,15.2,8.6,8.8,-0.02,2.1/ Hole
&HOLE XB=14.2,15.2,16.8,17.0,-0.02,2.1/ Hole
&HOLE XB=14.05,16.55,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole1
&HOLE XB=19.65,22.15,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole2
&HOLE XB=25.25,27.75,1.3,1.5,-0.02,0.7, CTRL_ID='Control01'/ Hole3
&HOLE XB=14.05,16.55,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole4
&HOLE XB=19.65,22.15,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole5
&HOLE XB=25.25,27.75,27.2,27.4,-0.02,0.7, CTRL_ID='Control01'/ Hole6
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&VENT SURF_ID='OPEN', XB=33.0,33.0,0.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [XMAX]
&VENT SURF_ID='OPEN', XB=8.4,8.4,0.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=8.4,33.0,28.0,28.0,0.0,2.8/ Mesh Vent: Mesh01 [YMAX]
&VENT SURF_ID='OPEN', XB=8.4,33.0,0.0,0.0,0.0,2.8/ Mesh Vent: Mesh01 [YMIN]
&VENT SURF_ID='Fire', XB=20.8,21.8,14.0,15.0,0.0,0.0/ Vent08
&VENT SURF_ID='Vent_out', XB=12.0,13.0,12.4,13.4,2.8,2.8, CTRL_ID='Control02'/ Vent66
&VENT SURF_ID='Vent_out', XB=12.0,13.0,10.0,11.0,2.8,2.8, CTRL_ID='Control02'/ Vent67
&VENT SURF_ID='Vent_out', XB=12.0,13.0,15.0,16.0,2.8,2.8, CTRL_ID='Control02'/ Vent68
&VENT SURF_ID='Vent_out', XB=21.0,22.0,13.0,14.0,2.8,2.8, CTRL_ID='Control02'/ Vent69
&SLCF QUANTITY='TEMPERATURE', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', PBZ=1.83/
&SLCF QUANTITY='PRESSURE', PBZ=1.83/
&SLCF QUANTITY='VISIBILITY', PBZ=1.83/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.33/
&SLCF QUANTITY='AEROSOL VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.83/

&TAIL /
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7.4.6. Scenario #6 – Theater – fire on stage

Figure 101 – Scenario #6 - Theater layout on FDS model
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Figure 102 – Scenario #6 – Heat release rate (kW) x time (s)
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Figure 103 – Scenario #5 – Smoke extraction make-up air vector velocities
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Figure 104 – Scenario #6 – Soot visibility Z=1.8m (above mezzanine level) – 140 seconds
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Figure 105 – Scenario #6 - Soot visibility Z=1.8m (above floor level) – 370 seconds
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Figure 106 – Scenario #6 – CO concentration Z=1.8m (above mezzanine level) – 370 seconds
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Figure 107 - Scenario #6 – Temperature Z=1.8m (above mezzanine level) – 370 seconds
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Scenario #6 – FDS input file
theater.fds
Generated by PyroSim - Version 2015.4.1214
10/04/2016 23:14:32
&HEAD CHID='theater'/
&TIME T_END=370.0/
&DUMP RENDER_FILE='theater.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0/
&MESH ID='Mesh01', IJK=74,74,33, XB=0.0,14.8,0.0,14.8,0.0,6.6/
&MESH ID='Mesh02', IJK=19,44,20, XB=1.0,4.8,2.2,11.0,6.6,10.6/

&REAC ID='Reaction1',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
O=0.3,
N=0.08,
CO_YIELD=0.02,
SOOT_YIELD=0.06/
&PROP ID='SLINKMod01',
QUANTITY='SPRINKLER LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=79.0,
RTI=150.0/
&PROP ID='Cleary Photoelectric P1',
QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8,
BETA_E=-1.0,
ALPHA_C=1.0,
BETA_C=-0.8/
&DEVC ID='Spk', PROP_ID='SLINKMod01', XYZ=2.6,8.8,10.3/
&DEVC ID='Spk01', PROP_ID='SLINKMod01', XYZ=2.6,5.0,10.3/
&DEVC ID='SD', PROP_ID='Cleary Photoelectric P1', XYZ=3.0,10.0,10.0/
&CTRL ID='Control01', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='SD'/
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&MATL ID='Concrete',
SPECIFIC_HEAT=0.88,
CONDUCTIVITY=1.37,
DENSITY=2200.0/
&SURF ID='Concrete',
COLOR='GRAY 80',
BACKING='VOID',
MATL_ID(1,1)='Concrete',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.2/
&SURF ID='Fire',
COLOR='RED',
HRRPUA=2800.0,
TAU_Q=-245.0/
&SURF ID='Vent',
RGB=26.0,128.0,26.0,
VOLUME_FLOW=1.8/
&OBST XB=14.8,14.8,0.0,13.8,0.0,6.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,1.0,0.0,13.8,0.0,6.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,13.8,13.8,-4.44089E-16,6.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,4.8,2.2,2.2,6.6,10.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,4.8,2.2,2.2,0.0,6.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=4.8,4.8,0.0,2.2,0.0,6.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,1.0,2.2,11.0,6.6,10.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=4.8,4.8,2.2,11.0,6.6,10.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,4.8,11.0,11.0,6.6,10.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,0.0,0.0,0.0,6.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,13.8,13.8,0.0,6.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,0.0,2.2,6.6,6.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,11.0,13.8,6.6,6.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=4.8,14.8,2.2,11.0,6.6,6.6, COLOR='INVISIBLE', SURF_ID='Concrete'/ Obstruction
&OBST XB=1.0,14.8,11.6,13.8,3.6,3.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=4.8,14.8,0.0,2.2,3.6,3.6, SURF_ID='Concrete'/ Obstruction
&OBST XB=12.6,14.8,2.2,11.6,3.6,3.6, SURF_ID='Concrete'/ Obstruction
&HOLE XB=0.8,1.2,12.0,13.6,-0.02,2.2, CTRL_ID='Control01'/ Hole
&HOLE XB=0.8,1.2,12.0,13.6,3.6,5.8, CTRL_ID='Control01'/ Hole
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&HOLE XB=7.0,7.8,13.6,14.0,-0.02,2.0, CTRL_ID='Control01'/ Hole
&HOLE XB=7.0,7.8,13.6,14.0,3.6,5.6, CTRL_ID='Control01'/ Hole
&VENT SURF_ID='OPEN', XB=0.0,0.0,0.0,14.8,0.0,6.6/ Mesh Vent: Mesh01 [XMIN]
&VENT SURF_ID='OPEN', XB=0.0,14.8,14.8,14.8,0.0,6.6/ Mesh Vent: Mesh01 [YMAX]
&VENT SURF_ID='OPEN', XB=1.0,4.8,2.2,11.0,6.6,6.6/ Mesh Vent: Mesh02 [ZMAX]
&VENT SURF_ID='Fire', XB=2.0,3.0,6.4,7.4,0.0,0.0/ Vent
&VENT SURF_ID='Vent', XB=1.2,1.8,9.4,10.6,10.6,10.6, CTRL_ID='Control01'/ Vent02
&VENT SURF_ID='Vent', XB=1.2,1.8,7.9,9.1,10.6,10.6, CTRL_ID='Control01'/ Vent03
&VENT SURF_ID='Vent', XB=1.2,1.8,6.4,7.6,10.6,10.6, CTRL_ID='Control01'/ Vent04
&VENT SURF_ID='Vent', XB=1.2,1.8,4.9,6.1,10.6,10.6, CTRL_ID='Control01'/ Vent05
&VENT SURF_ID='Vent', XB=1.2,1.8,3.4,4.6,10.6,10.6, CTRL_ID='Control01'/ Vent06
&VENT SURF_ID='Vent', XB=2.8,3.4,9.4,10.6,10.6,10.6, CTRL_ID='Control01'/ Vent07
&VENT SURF_ID='Vent', XB=2.8,3.4,7.9,9.1,10.6,10.6, CTRL_ID='Control01'/ Vent08
&VENT SURF_ID='Vent', XB=2.8,3.4,6.4,7.6,10.6,10.6, CTRL_ID='Control01'/ Vent09
&VENT SURF_ID='Vent', XB=2.8,3.4,4.9,6.1,10.6,10.6, CTRL_ID='Control01'/ Vent10
&VENT SURF_ID='Vent', XB=2.8,3.4,3.4,4.6,10.6,10.6, CTRL_ID='Control01'/ Vent11
&SLCF QUANTITY='TEMPERATURE', PBZ=1.8/
&SLCF QUANTITY='TEMPERATURE', PBZ=5.4/
&SLCF QUANTITY='VISIBILITY', PBZ=1.8/
&SLCF QUANTITY='VISIBILITY', PBZ=5.4/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=1.8/
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=5.4/
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.8/
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=5.4/

&TAIL /
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